. 


| 


Le 


eal 


INTEGRATED CIRCUIT 
PROJECTS 


Volume 1 


by 
Forrest M. Mims, III 


Radie Shaek 


kf A TANDY CORPORATION COMPANY 


FIRST EDITION 
SECOND PRINTING—1974 


Copyright © 1973 by Radio Shack, a Tandy Corporation 
Company, Fort Worth, Texas 76107. Printed in the United 
States of America. 


All rights reserved. Reproduction or use, without express 
permisson, of editorial or pictorial content, in any manner, 
is prohibited. No patent liability is assumed with respect 
to the use of the information contained herein. While every 
precaution has been taken in the preparation of this book, 
the publisher assumes no responsibility for errors or omis- 
sions. Neither is any liability assumed for damages result- 
ing from the use of the information contained herein. 


Library of Congress Catalog Card Number: 73-81731 


PREFACE 


If you’ve built a few transistor circuits and are anxious to 
try some more sophisticated projects, you’re ready for inte- 
grated circuits (ICs). The IC will never replace the individual 
transistor, but ICs certainly simplify the assembly of circuits 
which might normally require up to dozens of transistors and 
other parts. 

This book begins with an introductory chapter on project 
construction tips. Be sure to read this chapter, particularly if 
you’re just getting involved in IC projects. The remainder of 
the book is completely devoted to construction projects. Each 
project has been built and tested to guarantee you a working 
circuit. 

Each chapter includes a section on “Going Further” to pro- 
vide you ideas about experimenting with or even modifying 
the basic project. Some of the projects are particularly well 
suited to modification. So if you like to experiment, get ready 
for some electronic tinkering. -“_ 

The first set of projects use ICs in a digital mode. That’s just 
a fancy way of saying the chief function of the ICs is to make 
logical “decisions” based upon the IC’s internal circuitry. As 
you'll soon see, digital ICs can reverse (invert) the polarity 
of an electronic signal, count, store information, and decode 
complicated signals. 


By connecting external components to some digital ICs, sev- 
eral kinds of interesting and useful oscillators and pulse gen- 
erators can be constructed. Some digital ICs can even be used 
to amplify an incoming signal. Unusual applications for some 
of the digital ICs are described at the end of each chapter. 

Finally, we conclude with projects using operational ampli- 
fier ICs—circuits designed to amplify instead of performing 
digital functions. The operational amplifier is a very flexible 
device; you'll see how to make it do much more than amplify. 

I hope you find these projects as interesting to build as I did. 
With reasonable care, you will have no problems in getting each 
project to operate. Whether you build all the projects or just a 
few, your knowledge of semiconductor electronics will be sig- 
nificantly improved. 


FORREST M. MIMs, III 
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CHAPTER 1 


PROJECT CONSTRUCTION TIPS 


The recent availability of high-quality integrated circuits at 
very low cost represents a large development for experi- 
menters. For the price of a transistor a few years ago, you can 
now buy a tiny ceramic, metal, or plastic package containing a 
chip with dozens of integral transistors, resistors, and diodes. 
This gives you the capability of putting together complex elec- 
tronic circuits at far less cost and with fewer components than 
if you had to use individual transistors, diodes, and resistors. 

This project book is an ideal way to help you get started in 
building your own integrated-circuit projects. Each of the 
chapters contains complete construction details for a project 
which uses at least one low-cost, readily available IC. To avoid 
the problem of finding hard-to-get parts, each project makes 
exclusive use of parts and supplies available from Radio Shack. 
Radio Shack has more than 2000 stores in all 50 states and 
Canada; so obtaining the parts should present no major prob- 
lem. If, however, there is no Radio Shack store in your town, 
just write the company headquarters and request their latest 
catalog. The address is: Radio Shack, 2617 W. 7th Street, 
Fort Worth, Texas 76107. Each catalog contains a list of re- 
gional stores and their addresses; so you can send your order 
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directly to the store nearest you. If you prefer, you can send the 
order direct to Radio Shack headquarters in Fort Worth. 
We'll get to the projects in a few pages, but first let’s discuss 
some useful project construction tips. Whether you’re a begin- 
ner or an experienced electronics hobbyist, you will find the 
following important information and helpful hints useful. 


TOOLS AND TEST EQUIPMENT 


A few low-cost tools will greatly simplify assembly of the 
IC construction projects in this book. Needle-nose pliers are 
ideal for preparing leads and connections for soldering. Diago- 
nal wire cutters are necessary to trim wire leads. Insulation 
can be removed from wire leads with a pocketknife, but a wire 
stripper is faster and more convenient. A set of screwdrivers 
and a soldering iron will complete your basic tool kit. 

All of these tools and several others (heat-sink clip for 
soldering, solder aid, and solder) are included in Radio Shack’s 
Science Fair Electronic Tool Kit. Or, you can purchase the 
individual tools separately from the wide assortment available 
from Radio Shack. 

All of the projects described in this book can be assembled 
and operated without the need for electronic test equipment. 
However, a low-cost volt-ohm meter (VOM) can come in very 
handy if it’s necessary to troubleshoot any of the circuits. 
Also, a VOM is essential for checking power-supply voltages 
and the condition of batteries. A VOM can even be used to 
measure the current drain of a circuit. Also, VOMs are capable 
of measuring resistance, and they can be used to check the 
condition of a transistor (Chapter 4). VOMs are available 
from Radio Shack beginning at well under $10. 

One of the most expensive, yet flexible, pieces of test equip- 
ment is the oscilloscope. This device displays a signal on a 
cathode-ray tube similar to the type found in a television set. 
It’s not necessary to have a scope to build or use any of the 
projects described in this book, but, as we’ll see later, a scope 
can come in very handy for certain applications. If you want 
to check out any of your projects with a scope, a polite call to 
a local television repair shop may result in an invitation to stop 
by for a quick test session. Scopes are also available in most 
high school and college electronics labs. 


READING CIRCUIT DIAGRAMS 


You’re not going to need to understand electronic circuit 
diagrams to build any of the projects coming up, but a basic 
knowledge of schematic diagrams and symbols will contribute 
to your knowledge of the projects. Fortunately, reading circuit 
diagrams is no big problem, particularly since all the diagrams 
and symbols are easy to recognize and are very logical. 

Integrated circuit symbols are particularly convenient, since 
they usually consist of a circle, square, triangle, or rectangle 
surrounded by numbered leads. Though each IC may contain 
dozens of individual components, it’s not necessary to show 
them in the circuit symbol for the IC. Personally, I prefer to 
think of an IC as an electronic building block instead of a col- 
lection of individual parts. 


—wn—— ea —_{+— 
TRANSFORMER 


RESISTOR POTENTIOMETER CAPACITOR 


sapien (PNP) Aaa ie UNIJUNCTION TRANSISTOR 


EMITTING DIODE (UIT) 
Sas Sg Beare a ie 
COIL 
OPERATIONAL AMPLIFIER INVERTER GATE 
(OP AMP) 


Figure 1-1. Common schematic symbols. 


Most of the circuit diagram (schematic) symbols used in this 
book are shown in Figure 1-1. There are many others, and 
most are described in detail in the Realistic Guide to Schematic 
Diagrams, a Radio Shack publication. 


CIRCUIT BOARD ASSEMBLY 


Some transistor circuits are so simple that no mounting 
board is required. The various parts are just connected to- 
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gether and soldered in place. But most transistor and almost 
all IC projects require some kind of mounting board. 

Nothing beats the perforated board for assembling experi- 
menter projects. Building a circuit on a “perfboard” is called 
“‘breadboarding,” and the resulting circuit can be quickly and 
conveniently modified by simply substituting parts for one 
another. A well-made breadboarded circuit will look neat and 
can even be used in a permanent application. Several kinds of 
pre-punched perforated boards are available from Radio Shack. 
The style used in most of the projects in this book is alternate 
grid with 144,-inch holes (catalog number 276-1392). 

When a circuit has been designed, assembled, and checked 
out on a breadboard, you can permanently install it on a 
printed-circuit board if you want the utmost in permanence 
and neat appearance. Radio Shack markets a printed-circuit 
board kit which contains all the necessary chemicals, supplies, 
and instructions. A well-made printed-circuit project may not 
work any better than a perfboard project, but it will look 
better. 

I prefer perfboards for most projects, since the option to 
modify the finished project is always available. But for projects 
that will probably never be altered or when extreme miniaturi- 
zation is needed, I use printed circuitry. It takes more time, but 
the appearance and sturdiness of the finished project is always 
worth the extra effort. 


MOUNTING INTEGRATED CIRCUITS 


Integrated circuits come in three general configurations: flat 
pack, dual in-line, and circular can. Flat-pack ICs are difficult 
to work with because the leads are closely spaced; so all the 
projects in this book employ dual in-line or circular can types. 
Dual in-line ICs consist of a rectangular package about *4 inch 
long and 1, inch wide and made of ceramic or plastic. A notch 
at one end provides an indication of pin coding. A series of 
usually seven or eight connection pins run along each long side 
of the dual in-line integrated-circuit package (sometimes ab- 
breviated DIP). 

Circular can ICs resemble transistors, except they have more 
leads. Sometimes a small insulated post protrudes from the 
bottom of the can inside the circle formed by the leads. This 
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causes the IC to rest slightly above the circuit board for better 
cooling during soldering and operation. 

Installing transistors on a perfboard is no problem, since 
they normally have only three leads, but typical ICs have 8, 14, 
or even 16 closely spaced leads or pins. Mounting ICs on a 
printed-circuit board is no problem, since you can draw or tape 
the lead or pin layout for a particular IC directly on the board. 
But once an IC is soldered to a printed-circuit board, it’s very 
difficult to remove if it should be damaged or if you want to 
try another IC. Ox 

I prefer to build IC circuits on a perfboard with the help of 
sockets or adaptors for the ICs. When the circuit is working 
well, it can be transferred to a printed-circuit board or left on 
the perfboard. Sockets can be very convenient, particularly 
since they permit quick substitution of ICs. But since sockets 
have short pins at each contact point, you’ll have to solder on 
extension leads or use a socket adaptor if you want to use a 
socket on a perfboard. A simple way to solder the extension 
leads is shown in Figure 1-2. Strip about *4,-inch insulation 
from one end of each lead and about %% inch from the opposite 
ends. Use needle-nose pliers to make a small bend in the short, 
exposed end; place the hook over a pin; solder the lead in place. 
An easy way to solder the leads is to hold the socket in place 
near the edge of your work table with a clothespin and suspend 


SOCKET 
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to an IC socket. 
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the wire leads from the socket pins. Then solder the leads one 
at a time, and the result will be a neat and convenient socket 
assembly. To mount the socket to a perfboard, simply thread 
the individual leads through two parallel rows of holes in the 
board. 

Figure 1-3 shows a 14-pin IC socket (Radio Shack 276-027) 
with wire extension leads. Note that an IC has been inserted 
in the socket. Use care when installing and removing ICs from 
a socket. The pins of dual in-line types are easily bent and 
even broken by rough handling. : 

I always use the following procedure when installing a dual 
in-line IC: 


1. Line up all pins on one side of the IC with the correspond- 
ing holes along one side of the socket. 

2. Start each of the pins into its respective hole without 
pressing them into the socket. 

3. Line up the remaining pins on the other side of the socket 
and start them into their holes. Sometimes it may be nec- 
essary to gently bend the pins toward the holes with a 
pencil. 


Figure 1-3. IC socket with extension leads. 


4, Check all the pins to make sure each is started into its 
respective hole and use a rocking motion to press the IC 
firmly in place. 


If you’re unsure of this procedure, practice with a defective 
or inexpensive IC before trying a more costly unit. To remove 
the IC, simply insert a screwdriver under one end and gently 
lift upward. Switch to the other end and pry some more until it 
pops out of the socket. S<_ 

Though sockets are very convenient and easy to use, I’ve 
found socket adaptors alone ideal for experimenter projects 
and have used them in most of the projects in this book. A 
socket adaptor is actually intended to be used with a socket. It 
consists of a small printed-circuit board containing a pin out- 
line for either a circular or dual in-line IC. Copper conductors 
lead from each pin connection point to large solder pads around 
the edge of the board. The socket adaptor is assembled by in- 
serting the pins from a socket into the holes on the bare (top) 
side of the board. Each of the pins is then soldered in place, 
and the socket-adaptor assembly is ready to receive an IC. 

While the socket adaptor is intended for use with a socket, 
I’ve found them ideal for direct use with an IC. Instead of 
soldering a socket to the adaptor, I insert and solder an IC 
directly to the adaptor. The IC pin numbers can be conveniently 
marked next to each solder pad, and the IC number can be 
marked on the top surface of the adaptor. X_ 

It’s easy to work with ICs on a perfboard once you have 
soldered either an IC or IC socket to the adaptor. Just solder 
lengths of hookup wire to each solder pad as shown in Figure 
1-4. When the leads are all attached, install the adaptor on a 
perfboard by threading the wires through holes in the board 
as shown in Figure 1-5. 

So far we’ve emphasized mounting dual in-line ICs, but the 
same mounting techniques can be applied to circular ICs, 
whether you use a socket, adaptor, or both. You might even 
want to try a handy mounting technique which works fine with 
circular ICs only. It’s shown in Figure 1-6. 

The idea is to force the IC into a rubber grommet and bend 
the leads over its sides. Remove the grommet, and you have a 
“spider” (a circular can IC supported by its leads) which can 
be easily inserted directly into a perfboard. The extra lead 
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Figure 1-4. Wires soldered to the adaptor’s solider pads. 


length helps insure cooling when soldering to the leads, and 
you can easily remove the IC if it is damaged by just clipping 
each of the exposed leads. 

No matter which IC installation technique you use, and you 
will probably want to try more than one, be sure to get the 
pin numbers right. Many an IC has died an untimely death due 
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Figure 1-6. Lead preparation for upside down mounting. 


to incorrect pin connections. Sometimes ICs can take incorrect 
connections without any harm, but don’t count on it. ><. 

Correct pin diagrams for the ICs used in each of the projects 
in this book are provided in the circuit diagrams. However, it’s 
easy to make a mistake and reverse the connections if you don’t 
pay close attention to the outline. For example, all the pin dia- 
grams in this book are shown with the IC viewed from the top. 
Since you have to turn the circular units over to see the leads, 
don’t get confused and reverse the lead numbers. >< 

By the way, if you’re ever in doubt about pin connections, 
just check the manufacturer’s data supplied with the IC. Radio 
Shack, for example, provides pin connections on either a small 
printed sheet or on the sales package eauay < 


SOLDERING 


The most important part of assembling an electronic project 
is soldering the connections. It’s mighty frustrating to track 
down a non-existent wiring error in a project when the prob- 
lem was caused by a poor solder connection. 

Even if you’ve had previous soldering experience, read over 
the following procedures for a review. If soldering is new to 
you, be sure to practice on some lengths of scrap wire before be- 
ginning work on one of the projects. Here are the steps to fol- 
low for a good solder connection: 


A” i 


x 


1. Avoid using a soldering gun or high-power iron when 
assembling transistor circuits, since their heat may dam- 
age semiconductors and other components. Instead, obtain 
a soldering iron rated from 25 to 40 watts; tin the tip in 
accordance with the manufacturer’s instructions. 

2. Never use acid-core solder for soldering electronic com- 
ponents, since it is corrosive and may damage electronic 
parts. Always use rosin-core solder of the type sold by 
Radio Shack and other electronic stores. 

3. To insure a low-resistance, permanent bond, always re- 
move all grease, oil, paint, and other foreign matter cover- 
ing parts to be soldered together. If necessary, use an 
abrasive such as sandpaper or a solvent. 

4. Begin soldering a connection by first heating the joint 
where solder is to be applied. When the connection has 


: oN been heated for a few seconds, leave the iron in place and 


apply solder to the connection (not the iron). 

5. Allow the solder to flow throughout and around the con- 
nection for a second or so before removing the iron. Don’t 
apply excessive solder or move the connection before it 
has cooled. 

6. Keep the iron tip clean between soldering operations by 

wiping off accumulations of debris with a damp sponge 
we or cloth. : 


If these six steps are followed, a good solder connection is 
easily made. A good connection will appear smooth and shiny, 
while a poor one will be dull. 

The pin connections on IC sockets and socket adaptors are 
usually only about \% inch or less apart and require care when 
soldering. With a little practice, though, you will be able to 
solder sockets and adaptors with ease. I always solder ICs or 
sockets to an adaptor by installing the component and invert- 
ing the board. A couple of clothespins clipped to the adaptor 
will keep it from sliding around the work bench. It’s then a 
simple matter to touch the soldering iron tip to the junction of 
the copper on the board and the IC or socket pin. Let it heat for 
a few moments; then apply some small-diametey solder to the 
connection. Be sure the solder flows all around the pin: With a 
little practice, you will be able to solder the pins one after the 
other with just a few seconds per pin. The finished connections 
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Figure 1-7. Finished connections. 


should look like those shown in the dual in-line adaptor in Fig- 


ure 1-7. > 


POWER-SUPPLY SELECTION 


Thanks to a wide range of commercial power supplies and 
low-cost batteries, powering the projects in this book will pre- 
sent no problem. Two of the projects have a built-in supply 
which converts the 120-volt household alternating current into 
the low-voltage DC required by the IC. The others can be oper- 
ated by any of several batteries or commercial power supplies. 

For portability and convenience, you can choose from a wide 
variety of commercial cells (batteries). (Technically, a battery 
is composed of two or more cells. However, for ease of discus- 
sion, we will use the terms interchangeably.) In addition to 
conventional zinc-carbon dry cells, there are mercury, alkaline, 
and nickel-cadmium cells. The latter cells can be recharged up 
to 500 times, so their initial high cost is well worth the invest- 
ment. Alkaline cells last up to ten times longer than standard 
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zinc-carbon units, so even at a high price they are still a good 
buy. 

The projects described in this book require from 4% to 9 
volts for proper operation; so you will need several individual 
1%-volt cells or higher voltage batteries to get the correct volt- 
age. If you use several 11%-volt cells, battery holders are far 
more convenient than soldering the cells together. If you do 
solder to a battery, make sure it’s a conventional zine-carbon "O 
unit and not one of the mercury, alkaline, or nickel-cadmium, > © 
types. The latter cells may explode if sufficient heat is permitted 
to build up inside them—never solder to them. 

While batteries are great for portability and convenience, ne 
line-operated power supplies are far more flexible and efficient 's) 
in the long run. Watt for watt, practically no source of power a 
iS aS expensive as battery power. Radio Shack offers several 
low-cost power supplies beginning at well under $10. The A 
most economical unit is a kit (catalog number 28-104) that C€C 
will operate any project requiring from 6 to 9 volts. For a 
bigger investment, you can get a solid-state variable DC power 
supply. Radio Shack’s 22-126 is continuously variable from }] 
0-24 volts at up to 1 amp and is ideal for transistor and IC 
projects and experiments. 

While line-operated supplies cost more than batteries ini- 
tially, they should last indefinitely and in the long run are con- 
siderably more economical than repeated battery replacement. 
Personally, I prefer batteries for all portable equipment, but 
I always use a line-operated power supply for experimental 
circuits. 
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CHAPTER 2 


FLIP-FLOP DEMONSTRATOR 


The flip-flop is an electronic logic circuit which is always in 
one of two stable states. The only way to change the state of 
the flip-flop is to jolt it with a brief voltage pulse. You can think 
of a flip-flop as being the electronic counterpart of a mechanical 
switch. 

The very simple action of a flip-flop may not sound useful 
or important, but flip-flops are used in all sorts of computer 
operations. By connecting flip-flops to one another, it’s possible 
to count an incoming train of pulses. In other words, you can 
use flip-flops to add. And, since multiplication is just repeated 
addition, you can also use flip-flops to multiply. Furthermore, 
flip-flops always remain in either of two stable states. Even 
after a very brief trigger pulse, they can be used as memory 
elements. A series of flip-flops used to temporarily hold data 
in an electronic calculator or computer is often called a storage 
register. 

The simple circuit described here will give you an excellent 
idea of just how a flip-flop operates. Several years ago you 
would have had to invest a few dollars to obtain an integrated 
circuit flip-flop, or go to the trouble of putting together a dozen 
or more parts to make up one on your own. Thanks to the large 
scale use of flip-flops by industry, you can now buy individual 
units from Radio Shack and other electronics distributors for 
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well under a dollar each. For a little over a dollar, you can get 
a four-bit latch, an IC containing four interconnected flip-flops 
and used to store data. 


HOW IT WORKS 


In Chapter 1, I said it’s convenient to think of an integrated 
circuit as an electronic building block instead of a collection of 
individual components. Nevertheless, it’s still helpful to have 
some knowledge of what happens inside that “building block,” 
so let’s look inside a simple flip-flop. 

The simplest flip-flop consists of two transistors, several re- 
sistors, and maybe a few capacitors. When the circuit is con- 
nected to a source of current, one of the transistors turns on, 
and the resulting current flow keeps the other transistor off. 
However, a brief pulse applied to the circuit turns off the 
first transistor and permits the second one to turn on. The sec- 
ond transistor’s current flow keeps the first transistor off, until 
another pulse is applied and the first transistor is again turned 
on. The process continues each time a pulse is applied. 

Integrated circuitry permits dozens of components to be 
formed on a tiny silicon chip, so an IC flip-flop can have far 
more parts than the simple circuit we’ve just considered. For 
example, the 923 flip-flop we’re using in this project has 15 
transistors and 17 resistors. The extra components give the 
flip-flop operating stability and provide several operating fea- 
tures not found in simpler versions. 

The demonstrator flip-flop described here incorporates a 
light-emitting diode (LED) to indicate the device’s output 
state. Referring to the circuit diagram in Figure 2-1, note how 
the Count switch activates the flip-flop by feeding a positive 
potential to the input, pin 2. The LED should light every other 
time the Count switch is pressed. 

Transistor Q1 serves as a lamp driver by permitting a higher 
current flow through the LED than if the IC alone were used. 
Since the LED requires relatively little current, the IC will 
drive it directly, but using Q1 in the demonstrator is important 
since it teaches the operation of a lamp driver. In operation, 
the IC turns Q1 on and permits current to flow through the 
LED every other time the Count switch is pressed. In this 
way the transistor, not the IC, acts as a switch for the LED. 
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Figure 2-1. Flip-flop demonstrator circuit. 


We'll discuss how to connect flip-flops together to perform 
more complicated operations in the section on “Going Further.” 
But first, let’s actually hook up a flip-flop and see if it works as 
advertised. 


CIRCUIT ASSEMBLY 


The IC socket adaptors we discussed in Chapter 1 can prove 
very useful in IC circuits which require only a few additional 
components. While all the remaining projects in this book are 
assembled on perforated boards, I’ve built this one directly 
onto a socket adaptor. You’ll find that some of the following 
projects can also be built using this technique. 

Begin assembly by drilling a 14-inch hole in a corner of the 
socket adoptor. This will be used for S1, as shown in the pic- 
torial in Figure 2-2. Drill the hole in the copper strip leading 
from the square copper solder pad on the upper right corner of 
the back side of the board. Be very careful when you are drill- 
ing. Do not drill into the copper conductors on either side of 
the copper strip. 
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Next, install the IC by spreading its leads slightly and plac- 
ing them in the circular array of holes from the top (bare) side 
of the adaptor board. If you prefer, you can bend the leads 
around a rubber grommet to make a “spider,” as shown in 
Figure 1-6 in the preceding chapter. If you do, be sure to re- 
verse the connections to the IC from those shown in the pic- 
torial, since the IC will be upside down. 


Figure 2-2. Flip-flop 
demonstrator pictorial. 


The IC is made of very hard plastic. It has a flat area on one 
side which denotes pin 8. Place pin 8 in the hole nearest the 
top of the adaptor board, as shown in Figure 2-2, and leave 
two empty holes between pin 8 and pin 1. This will prevent a 
possible short circuit if the switch happens to touch both these 
holes when it is installed. 

When the IC is in place, carefully solder each lead to the 
copper foil on the back side of the board. Use care to avoid 
bridging excess solder across adjacent connections. If you are 
a novice at soldering, be sure to review the soldering proce- 
dures outlined in Chapter 1 before attempting to solder the IC 
to the adaptor board. 

After the IC is in place, solder a wire lead across the copper 
solder pads connected to the ICs pins 3 and 4 and from there 
to pin 1’s pad. Be sure the wire is insulated where it crosses 
the pad connected to pin 2. I find it helpful to mark the re- 
spective pin numbers on each solder pad with a permanent 
marking pin. This prevents wiring errors. Make sure you mark 
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the numbers based on a top view of the IC, or you will reverse 
them. 

Next, install the switch from the back (copper side) of the 
adaptor and secure it in place with its retainer nut. Install R1 
across the top of the board by bending its leads and soldering 
one of them to the solder pad connected to the IC’s pin 7. 

When R1 is in place, insert transistor Q1’s leads through the 
hole on the left side of the board. You can then solder Q1’s base 
to the remaining lead of R1. Be sure to refer to the pin diagram 
for Q1 in Figure 2-1 to make sure you don’t mix up the lead 
connections. 

Next, solder Q1’s emitter lead to the solder pad connected 
to pin 1 of the IC. If you installed the IC as shown in Figure 2-2, 
pin 1 will be connected to the solder pad directly below and 
adjacent to the hole in which you installed Q1. 

Continue assembly by installing the light-emitting diode 
(LED) in the hole in the adaptor board opposite the transistor 
and IC. Be sure to connect the leads correctly. The LED is a 
diode, and unlike conventional lamps, it will only work when 
connected in the proper direction. The LED has a flat area on 
its side, and the lead closest to this key, the anode, is soldered 
to the solder pad connected to the IC’s pin 8. You will need a 
1-inch length of insulated hookup wire to reach the pad. 

If there is a middle lead on the LED, cut it off. Then solder 
the remaining lead to R2. R2’s remaining lead is soldered to 
Q1’s remaining lead, the collector. Note that R2 is mounted 
to the back of the board. It will stay in place without shorting 
its leads to other components if you solder the LED and Q1 
leads reasonably close to R1 and clip off the excess lead lengths. 

Complete construction of the circuit by soldering short 
lengths of hookup wire to each terminal of the switch. Use a 
1-inch length to reach pad 8 and a 134-inch length to reach pad 
2. When these leads are soldered to the pads, assembly of the 
circuit is complete and your demonstrator flip-flop will look 
something like the one shown in Figure 2-3. 


TESTING AND OPERATION 


Inspect all the solder connections and make sure all the semi- 
conductors (the IC, LED, and Q1) are properly connected. Pay 
particular attention to the pin numbers of the IC. 
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Figure 2-3. Assembled flip-flop. 


When the circuit has been inspected, connect clip leads from 
a 6-volt power supply to the appropriate solder pads. (Pin 8 
should be positive and pins 1, 3, and 4, which are all soldered 
together, negative.) I used a line-operated power supply to get 
the 6 volts, but you can use a 6-volt lantern battery or three or 
four 114-volt dry cells installed in a battery holder to give the 
required 6 volts. 

The LED should turn on when the battery or power supply 
is connected. Press the Count switch and the LED will be ex- 
tinguished. But press the switch again, and the LED will again 
turn on. Every other time you press the switch the LED should 
turn on. 

Don’t worry if the circuit seemingly fails to flip each time 
the switch is pressed. Mechanical switches rarely make firm 
contact the first few milliseconds they are pressed, and the re- 
sult may be several very fast on-off pulses. This is called switch 
“bounce.” The flip-flop responds to even very fast pulses; so it 
may appear to have stayed in one state when the switch was 
pressed, when it may actually have changed states twice or 
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even more. This usually happens so fast you cannot see the 
LED briefly flash on or off. 

If the circuit doesn’t flip in response to the input pulses from 
the switch, check the wiring and IC pin connections for possi- 
ble errors and make sure the circuit is receiving power. Too 
little voltage will keep the circuit from operating at all, while 
too much voltage will heat up and possibly destroy the IC. 


GOING FURTHER 


Since we are only looking at one side of the flip-flop, the LED 
is on only during alternate cycles of the Count switch. By using 
two LEDs (the second connected to the flip-flop’s other output 
point), one LED will be on each time the switch is pressed, but 
both will never be on at the same time. This arrangement will 
make it much easier for you to visualize the flip-flop action of 
the IC. 

To modify the demonstrator for two LEDs, refer to Figure 
2-4. This circuit is identical to the original one in Figure 2-1, 
but a second lamp driver circuit consisting of Q2, R3, R4, and 
LED 2 has been added. The emitters of both LEDs go to the 
positive power-supply connection (IC pin 8). The only differ- 
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Figure 2-4. Dual LED flip-flop demonstrator. 
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ence is that the base of Q2 in the second lamp driver circuit 
goes to pin 5 through resistor R3. 

Since pins 5 and 7 are the two output connections for the 
923 flip-flop, one of the two will always indicate an output volt- 
age, while the other will always indicate no output. By pressing 
the Count switch, the state of the output voltages will reverse 
and hold the new state until the flip-flop is once again triggered 
by pressing the Count switch. The result is that one LED will 
always be on and the other off until the Count switch is pressed. 
The LEDs will then “flip-flop” as they exchange conditions and 
wait for the next count signal. 

Another useful modification to the basic demonstrator is 
adding a Clear switch (another switch like S1) between pins 6 
and 8. Pressing this switch will always return the flip-flop to 
its initial state, no matter how often the Count switch has been 
pressed. If you’ve operated an electronic calculator, you have 
no doubt seen a Clear key. This key performs exactly the same 
function as the Clear switch in this simple demonstrator 
circuit. 

This very basic demonstrator shows how a low-cost, yet 
complete, digital IC can be used to both count and store an in- 
coming signal. Of course the circuit isn’t practical as is, but if 
you were to connect the output of this flip-flop to another and 
its output to still another and so forth, you would have a 
counter (adder) capable of receiving a series of incoming 
pulses. It would also display the total number of pulses received 
on a bank of LEDs. 

The count would at first seem meaningless, since the actual 
number would be encoded by a series of on and off LEDs. Actu- 
ally, the code is a two-digit number system quite different from 
our ten-digit or decimal system. The two-digit system is called 
the binary system and is very handy to use with electronic 
counting circuits like flip-flops. 

While binary numbers are handy for electronic circuits, 
they are clumsy for you and me to use. That’s because the bi- 
nary system has only two digits, 0 and 1, and a single-digit 
decimal number may be the equivalent of up to four binary 
digits. For example, the decimal number 9 is expressed in 
binary form as 1001. 

Fortunately, there are electronic decoding circuits built into 
some ICs which can automatically convert binary numbers 
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into decimal signals, which can be displayed on a readout tube. 
We'll actually build a binary to decimal readout unit in Chap- 
ter 4, but first let’s look at another very useful integrated cir- 
cuit, the inverter. 


Table 2-1. Flip-Flop Demonstrator Parts List 


a 


Battery, 6 volt (see text) 

RTL JK 923 Flip-Flop (276-023) 
Light-emitting diode (276-026) 
Transistor, NPN (276-2016) 
Resistor, 1000 ohm 

Resistor, 470 ohm 

SPST push-button switch (275-1547) 
IC socket adaptor (276-028), hookup wire, solder 


Radio Shack catalog numbers shown in parentheses. 


27 


CHAPTER 3 


LAMP DRIVER 


In the last chapter, I showed you how to use a single transis- 
tor as a lamp driver. What we essentially did was let the tran- 
sistor conduct the current required to operate a light-emitting 
diode (LED) by turning on the transistor (thus the LED) with 
a signal from the IC. 

In this chapter I’m going to show you how to use an inte- 
grated logic circuit, the inverter, to drive an LED. Since the 
IC we'll be using has six separate inverters, you’ll be able to 
experiment with a variety of modifications and connections to 
learn more about both lamp drivers and digital logic. 


HOW IT WORKS 


An inverter is a simple transistor circuit which accepts an 
input signal of one polarity and changes it to the opposite 
polarity. For example, a series of positive pulses entering an 
inverter will emerge as a series of negative pulses. 

To see how this happens, refer to Figure 3-1. This illustrates 
a very basic transistor circuit called the common-emitter ampli- 
fier. Why common-emitter? Because the transistor’s emitter is 
common to both the input and output of the circuit. 

In operation, a positive signal at the input causes Q1 to turn 
on and conduct. This causes a current flow through the resistor, 
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and the result is a negative output signal at the collector of the 
transistor. Reverse the polarity of the input signal, and the 
output signal will be positive. 

Since this inverter is simply a single transistor amplifier, it’s 
easy to use it as a lamp driver. All that’s necessary is to insert 
an LED between the resistor and the positive battery termi- 
nal. If the anode of the LED is connected to the positive termi- 
nal of the battery, a positive state at the input of the circuit will 
turn the LED on. Otherwise, the LED will be off. 


Figure 3-1. Basic common-emitter circuit. 


This operation is reversed if the LED is connected across the 
collector-emitter terminals of the transistor. Now the LED 
will normally be on, but a positive state at the input will turn 
it off. For this variation to work properly, the anode of the 
LED must be connected to the transistor’s collector. 

You can obtain ICs which contain a single inverter, but your 
best buy is the hex inverter. Hex comes from a Greek word 
meaning six; so a hex inverter is a single IC containing six 
individual inverters. These inverters are more sophisticated 
than our little demonstration model in Figure 3-1, and each 
contains 4 transistors, 4 resistors, and 2 diodes. 

Figure 3-2 shows how to connect one of the six inverters in a 
hex inverter (Radio Shack 276-1802) as an LED driver. Since 
there is normally no input signal on the inverter, the LED is 
normally on. In binary terminology, a “0” signal on the input 
gives a “1” on the output. If a signal is placed on the input, 
the LED will turn off. Again, in binary a “1” on the input 
gives a “0” on the output. 

Let’s put the circuit together. It’s the simplest project in this 
book, and total assembly time should only be a few minutes, 
once the IC is soldered to an adaptor board or a socket is given 
connector leads. 
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Figure 3-2. Hex inverter lamp driver. 


CIRCUIT ASSEMBLY 


A pictorial view of the completed IC inverter lamp driver is 
shown in Figure 3-3. I used an IC socket (extension leads sold- 
ered to each pin), but you can solder the IC or the socket to a 
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Figure 3-3. Hex inverter LED driver pictorial. 
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Figure 3-4. Assembled lamp driver. 


socket adaptor board if you prefer. Since only one of the in- 
verters in the IC is used, you only have to solder connection 
leads to the socket pins or adaptor board solder pads—which 
connect to pins 1, 2, 7, and 14 on the IC. The pin diagram for 
the IC is shown in Figure 3-2. Note that one end of the IC, a 
dual in-line unit, has a notch formed into it. Looking at the IC 
from the top and with the notch to your left, pin 1 is the pin 
below the notch and 14 the one above the notch. Mount the IC 
socket or adaptor to the perforated board by threading the con- 
nection leads through holes in the board. Bend the leads on the 
resistor, insert them through the perfboard, and solder one 
lead to the IC’s pin 14 connection lead. Solder the remaining 
resistor lead to the anode lead of the LED. If you use a Radio 
Shack 276-026 LED, the anode is the lead nearest the flat area 
on the side of the epoxy package. Complete assembly by solder- 
ing the LEDs cathode lead to the IC’s pin 2 connection lead. If 
there is a middle lead between the anode and cathode leads, 
clip it off and discard it. The completed circuit should resem- 
ble the one shown in Figure 38-4. 


GOING FURTHER 


If you want to make the inverter lamp driver into a perma- 
nent demonstrator circuit, connect a push-button switch be- 
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tween pins 1 and 7. In this way you can demonstrate both op- 
eration of a lamp driver and the principle of polarity inversion 
by simply pressing the switch. 

There are several other things you can do with the basic 
circuit, and I suggest you try some of them. The first is to sim- 
ply disconnect the inverter connected to pins 1 and 2 and try 
any of the other inverters in the IC. The pin numbers are all 
shown in Figure 3-2. You will find that each individual inverter 
operates identically to the others, in that signal inversion al- 
ways occurs. | 

Next, try a trick sometimes used by circuit designers faced 
with the problem of driving a relatively high current lamp. 
Connect all the inverters in parallel by connecting pins Teo. oe 
9, 11, and 18 together and doing the same with pins 2, 4, 6, 8, 
10, and 12. Now you have six times the current capability of a 
single inverter, and the resulting circuit operates as a standard 
inverter, even though it employs 24 transistors, 24 resistors, 
and 12 diodes. 


TESTING AND OPERATION 


Check the completed circuit to make sure there are no wiring 
errors. The circuit will not operate if the IC is connected in- 
correctly or the LED leads reversed. Next, connect 6 volts to 
the circuit with a line-operated power supply or batteries. I 
used a power supply, but you can use a 6-volt lantern battery 
or three or four 114-volt dry cells connected in series to give 
41%, to 6 volts. 

When the power is applied, the LED should turn on and glow 
bright red, showing that the inverter is responding to a “0” 
input state with a “1” output state. But when you apply a 
“1” input signal by touching the input lead of the inverter (in 
this case pin 1 of the IC) to ground (pin 7), the LED will turn 
off and indicate a “0” output state. In a practical circuit, the 
input signal would probably be provided by an IC or transistor. 

If the circuit fails to operate, recheck all the wiring. Also, 
make sure you’re touching the input lead (pin 1) to pin 7. 

So far we’ve emphasized the inverter as a lamp or LED 
driver, but it’s more interesting to explore its logic capability. 
You’ve already seen how an inverter changes a signal from 
binary “0” to “1” or the reverse. To see how a signal can be 
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sent through an inverter circuit without this change of state, 
disconnect the LED from the IC’s pin 2 connection lead in the 
original circuit and connect pin 2 directly to pin 3. Reconnect 
the LED into the circuit at pin 4. Now you have two inverters 
in series, and even with the battery connected, the LED will 
be off. Touching the IC’s pin 1 connection lead to pin 7, how- 
ever, will turn the LED on. In binary notation, when there is 
no input, a “0” is inverted to give a “1”? which is inverted to 
give a “0.” Providing an input signal by touching pin 1 to 
pin 14 provides the opposite binary sequence. 

If you want to, you can carry this procedure for all of the 
individual inverters in the IC. Even numbered arrangements 
will produce no inversion, while odd numbers of inverters will 
always give an inverted output. With appropriate electronic 
test equipment, such as an oscilloscope, you would see a slight 
delay between the application of an input voltage and the reac- 
tion of the lamp. This is called propagation delay and occurs 
because electrons require a finite time to activate any electronic 
circuit. The propagation delay increases as more inverters are 
connected in series, but is not increased by connecting them in 
parallel. 

For more on inverters as logic circuits, consult any good ref- 
erence on electronic logic. You will find that numerous logic 
circuits employ self-contained inverters in order to satisfy 
internal requirements. For example, gates are logic circuits 
which transmit an incoming signal or state only when certain 
input conditions are satisfied. An AND gate has two or more 
inputs. When there is a signal (binary “1’’) at only one of the 
two inputs, there is no output signal. But when there is a signal 
at both inputs, the gate issues an output signal (binary “1’’). 


Table 3-1. IC Lamp Driver Parts List 


Battery, 6 volt (see text) 

7404 hex inverter (276-1802) 
Light-emitting diode (276-026) 
Resistor, 270 ohm 

Perforated board (276-1392), 14-pin socket 
(276-027), hookup wire, solder 


Radio Shack catalog numbers shown in parentheses. 
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The basic AND gate and other logic circuits can be made to 
perform various other operations by adding an inverter to the 
output. In the case of the AND gate, adding an inverter produces 
a NAND gate with operating characteristics opposite those of 
the AND gate. In binary terms, a “1” on either input gives a “1” 
on the output; a “1” at both inputs gives a “0” on the output. 
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CHAPTER 4 


BINARY TO DECIMAL DECODER 


In Chapter 2, we saw how an important digital logic circuit, 
the flip-flop, uses a two-digit (‘0” and ‘“1’’) number system to 
count and add. While the binary number system is ideal for 
electronic circuits, it’s very impractical for you and me. Not 
only are we used to the ten-digit decimal system, but the binary 
system is inherently clumsy since it has only two digits. For 
this reason, larger binary numbers will have far more digits 
than their decimal counterparts. 

Fortunately for anyone who works with digital electronic 
equipment, and that includes you, there is a very complex inte- 
grated circuit called a BCD to 7-segment decoder/driver. It 
makes possible the conversion of a binary number into a series 
of electrical signals which activate the appropriate segments of 
a visual readout device. The decimal equivalent of the binary 
input to the decoder can then be read directly from the readout. 

BCD means Binary Coded Decimal, and by building this 
project you will learn quite a lot about both BCD and digital 
logic. Since the circuit incorporates a line-operated power sup- 
ply, you will also learn some power-supply basics. Finally, since 
the output of the BCD to 7-segment decoder/driver is fed into 
a 7-segment fluorescent display tube, you will also learn about 
one of the most popular visual readout devices in present use. 
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HOW IT WORKS 


This project consists of four basic subsystems: power sup- 
ply, BCD to 7-segment decoder/driver IC, display tube drive 
circuitry, and the display tube itself. To simplify the descrip- 
tion of how the entire system operates, I’m going to describe 
each of the subsystems one at a time. 


Power Supply 


To see how the power supply works, see the circuit diagram 
for the entire decoder circuit in Figure 4-1. The power supply 
consists of transformer T1, rectifier bridge B1, filter capacitor 
Cl, and resistors R1—R4. 

In operation, 120 volts of alternating current flowing in the 
primary coil of transformer T1 induces an alternating current 
in the secondary coil. Since the secondary has fewer turns than 
the primary, its output voltage is only about 30 volts. The de- 
coder circuit requires direct current for proper operation; so 
the 30 volts is converted to DC by the rectifier bridge (B1). 
Four individual diodes can be used to rectify an alternating cur- 
rent, but the module used here is far more convenient. After 
rectification into de, the pulsating current is smoothed by filter 
capacitor Cl. The display tube only requires about 25 volts for 
proper operation, and this is obtained with dropping resistor 
Rl. Dropping resistor R2 supplies the approximate 5 volts 
required by the decoder IC, and R38 and R4 supply the ap- 
proximate 114 volts required by the display tube’s filament. 
Actually, only one resistor is needed for R3 and R4, but the 
addition of resistor R3 permits the tube’s brightness to be 
adjusted. 


BCD to 7-Segment Decoder IC 


The BCD to 7-segment decoder/driver IC used in this project 
is a 7447 (Radio Shack 276-1805), a 16-pin dual in-line unit. 
Not long ago this IC was prohibitively expensive for most ex- 
periments, but now you can purchase it for a little over $2.00. 

Internally, the 7447 is a maze of gates and inverters. A look 
at the logic diagram on the 7447 specification sheets reveals 
some 32 gates and 12 inverters. If each gate and inverter con- 
tains an average of 4 transistors, that’s a total of approxi- 
mately 176 transistors. 
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Figure 4-1. BCD to 7-segment decoder/driver and display. 
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The 7447 is designed so that the binary coded decimal digits 
corresponding to 0-9 produce the output signals required to 
form these digits on a 7-segment display device. The binary 
equivalents for the decimal numbers 0-9 are shown in Table 
4-1. Figure 4-2 shows the appearance of a 7-segment display 
device for each of the decimal digits. 
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Figure 4-2. Decimal digits in 7-segment format. 


From Table 4-1 you can see that any decimal digit from 0 to 
9 can be represented by 4 or fewer binary digits, and this is 
why the 7447 has a 4-position input. The inputs are labeled A, 
B, C, and D and correspond to the least through most signifi- 
cant digits respectively. The BCD input conditions of the 7447 
for each of the decimal digits are also shown in Table 4-1. 


Table 4-1. Binary Number System 


BCD Input 

D Cc B A 
0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 a! 
4 0 1 0 0 
5 0 1 0 1 
6 0 a 1 0 
7 0 i 1 1 
8 1 0 0 0 
9 1 0 0 1 
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In addition to BCD decoding, the 7447 incorporates several 
additional functions. The output of the device can be inhibited 
by means of an appropriate signal at one of the blanking pins. 
This feature is not used here but is useful in electronic calcu- 
lators and other digital readout devices, since it permits ex- 
traneous zeroes preceding or following a number to be auto- 
matically blanked out. : 

The 7447 also incorporates a lamp test feature. By connect- 
ing pin 3 to ground, all 7 outputs are activated. If the display 
device or its driving circuitry is defective, the problem will be 
immediately evident, since the inoperative segments will not 
be lighted. It’s important to be able to test the display portion 
of th circuit, since an inoperative segment can cause major 
readout errors. For example, a non-operating middle segment 
will cause an 8 to appear as a 0. 


Display Tube Drive Circuitry 


From our discussion on lamp drivers in Chapter 3, you 
should recall the operation of this important circuit. Some dis- 
play devices, particularly those incorporating LEDs, can be 
driven directly by the 7447, but the higher voltage fluorescent 
display tube used here requires separate driving transistors for 
each of the 7 segments. These transistors are Q1—Q7 in Fig- 
ure 4-1. Many general-purpose NPN switching transistors will 
operate in the circuit, but the Radio Shack transistor specified 
here is well suited for the voltage level. Resistors R5—R18 com- 
plete the display tube drive circuitry. 


Display Tube 


The display tube employed in this project is an electro- 
fluorescent type. A relatively recent development, the fluores- 
cent display tube presents a far more pleasant appearance 
than the older Nixie style neon gas discharge readout. Nixies 
are a rather unpleasant orange, while the fluorescent tube is a 
very pleasing blue green. 

The tube contains 7 phosphor-coated rectangular metal seg- 
ments mounted on an insulator. Contacts are attached to each 
segment and connected to 7 of the 9 pins on the base of the 
tube. The remaining 2 pins are connected to the filament. In 
operation, electrons are continuously emitted by the two fila- 
ment wires (cathode). If a potential is applied to one or more 
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of the phosphor-coated metal segments (anodes), the electrons 
from the cathode are attracted to each energized segment. 
During their passage through the phosphor coating on each 
anode, the electrons excite some of the phosphor atoms. As 
the atoms fall back to a lower energy state, they emit photons 
with the characteristic blue-green wavelength of the fluores- 
cent display tube. 


CIRCUIT ASSEMBLY 


This project employs more components than most, so try to 
follow the layout in the pictorial shown in Figure 4-3 for best 
results. Begin assembly by drilling two ¥4¢-Inch mounting holes 
for the power supply transformer in the upper left corner of 
the perfboard. The holes should be 2 inches apart. Don’t install 
the transformer at this point. 
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Figure 4-3. BCD to 7-segment decoder and display pictorial. 


Next, install resistors R5-R18 in a row as shown in Fig- 
ure 4-3. Bend the leads of each resistor outward to hold them 
in place. Then, run a 3-inch length of bare wire under the leads 
of all 14 resistors nearest the transformer mounting holes. 
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Solder each lead to this wire and clip the excess lead length 
from each resistor. 

The transistors are installed next. First, make sure you are 
familiar with the lead designations of the transistors (Figure 
4-1), and then install Q1 as shown in Figure 4-4. Solder Q1’s 
base to R5’s (47,000 ohms; yellow violet orange) remaining 
lead and Q1’s collector to R12’s (10,000 ohms; brown black 
orange) remaining lead. Leave Q1’s emitter lead alone for 
now; we’ll get back to it shortly. 
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Figure 4-4. Detail of Q1, R5, and R12. 


When Q]1 is soldered in place, look it over to make sure you’re 
satisfied with the appearance and orientation of the connec- 
tions. If it doesn’t match the pictorial detail shown in Figure 
4-4, remove it and try again. It’s must easier to remove and 
reinstall just Ql than all 7 transistors later. 

When you are satisfied that Ql matches the detailed pic- 
torial in Figure 4-4, install and solder the base and collector 
leads of transistors Q2—Q7 one at a time. When all the transis- 
tors are in place, bend all the emitter leads outward and place 
a single 3-inch length of bare wire under the emitter leads 
(Figure 4-4). Solder the wire to each lead, beginning with Ql. 
Clip all excess lead lengths, and you’ve completed assembly of 
the display tube drive circuitry. 

Next, install the power-supply components onto the perf- 
board, as shown in Figure 4-3, and solder them into place. R1 
and R2 are mounted adjacent to the drive circuit resistors and 
at a right angle to one another. R3 and R4 should be installed 
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directly below R2 so that the three resistors form a straight 
line. 

Be sure to use 10-watt resistors for R1—R4. These resistors 
become pretty warm in operation, and a lower rating will re- 
sult in a burned-out resistor. 

When you install the rectifier bridge module, make sure the 
lead nearest the plus (+) mark points directly away from the 
transformer mounting holes. See Figure 4-3 for details. Also 
make sure the positive (+) end of Cl is soldered to the plus 
lead on the rectifier. The capacitor will be damaged if its leads 
are reversed. 

When all the power-supply components are in place, solder 
a length of insulated hookup wire from the bare wire connect- 
ing all the display tube drive resistors to the junction of Rl 
and R2. Then solder another length of insulated hookup wire 
from the bare wire connecting all the transistor emitters to 
the negative terminal of C1. From now on, this connection will 
be called the ground, and several other leads will be soldered 
to it later. 

By now you have installed almost all the components on the 
perfboard, and only three remain, the display tube, IC, and 
transformer. The tube is next. Remove the metal mounting 
rim from the 9-pin miniature tube socket with a pair of diago- 
nal cutters. Then solder a 31-inch length of insulated hookup 
wire to each of its 9 terminals. Thread the wires through the 
perfboard holes as shown in Figure 4-3, making sure that the 
face of the display tube will face outward when it is installed 
in the socket. Each of the terminals on the socket is numbered, 
and it is properly installed on the board when the wide space 
between the terminals numbered 1 and 9 are closest to the 
perfboard. 

Using care to prevent mistakes, connect each of the 7 anode 
leads to their respective connection points at the junction of 
each transistor’s collector and the 10,000-ohm resistor. Use the 
wiring guide in Table 4-2 to make sure you make no errors, and 
double check your work with Figures 4-1 and 4-3. You can im- 
prove the appearance of the wiring connections by trimming 
each socket lead so that it reaches its connection point with 
about half an inch overlap. When you have completed soldering 
the 7 leads in place, the wiring will neatly fan out from the 
socket area to each transistor lead. 
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Complete the wiring of the socket by soldering terminal 6 to 
the ground connection and terminal 9 to the remaining lead of 
R4. For neatness, trim the leads to the correct length before 
soldering them in place. 


Table 4-2. Display Tube Wiring Guide 


Collector Q1 
Collector Q2 
Collector Q4 
Collector Q3 
Collector Q5 
Ground terminal 
Collector Q6 
Collector Q7 
R4 


eoConoIIihwhdr- 


We'll insert the display tube in the socket shortly, but first 
let’s install the IC. I soldered the IC directly to a socket adaptor 
board, but you can solder an IC socket to the board first if you 
prefer. Be sure to use a 16-pin socket (Radio Shack 276-030). 
When you have soldered the socket or IC to the adaptor, con- 
nect 414-inch lengths of hookup wire to each solder pad. Install 
the completed board in the main perfboard by threading the 
16 leads through a rectangular outline of holes. Let the IC 
board stand off the perfboard about half an inch so that you 
can reach the solder pads with a soldering iron, if necessary. 

With the IC mounting board in place, begin soldering the 
various leads in place as shown in Figure 4-5. You can make 
the wiring much neater by cutting each connection wire to the 
length needed to reach its connection point. Count the leads 
from the IC soldered to connection points when you are fin- 
ished. You should count 9 of them. Leave the remaining leads 
alone for now. 

Conclude assembly of the circuit by installing the trans- 
former in its two mounting holes with appropriate hardware. 
I used 14-inch, 6-32 screws and nuts, but use any hardware 
that’s handy and will secure the transformer rigidly in place. 
Note that the side of the transformer labeled PRI 120 V AC 
faces away from the main part of the board. The primary ter- 
minals are located on this side of the transformer. 
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Figure 4-5. BCD decoder IC wiring diagram. 


When the transformer is in place, connect the two leads on 
the rectifier module to each of the secondary terminals. If you 
follow the layout I used, the leads should just reach the termi- 
nals if they are bent under the perfboard and passed back 
out the holes directly adjacent to the terminals. If they don’t; 
use some short lengths of insulated hookup wire to bridge the 
gap. 

Solder a power cord to the two primary terminals on the 
transformer. When the connections have cooled, carefully in- 
sulate the terminals with black electrical tape. Be sure to insu- 
late the terminals carefully, or you may receive a dangerous 
electrical shock when operating the circuit. 

When the circuit is complete, install the display tube in its 
socket. The project is now ready for testing, and it should re- 
semble the prototype shown in Figure 4-6. 


TESTING AND OPERATION 


Very carefully inspect the completed project for possible 
wiring errors before connecting the power cord to a source of 
household current. Start with the power-supply components, 
and work through the segment drive circuitry. Check all the 
display tube connections, and trace all the IC connection leads. 
Make sure all connections have been made. (For example, make 
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Figure 4-6. Assembled decoder/driver and display. 


sure you did not forget the connection from the transistor emit- 
ters to ground.) Also, make sure there are no short circuits 
or bare wires very close to one another. If you used insulated 
hookup wire, this should be no problem. Finally, remove any 
wire clippings and solder fragments that may be hidden under 
the wiring or components. 

Prepare for the operating test by connecting a clip lead from 
the IC’s pin 8 connection lead to the ground connection. When 
you are absolutely sure all wiring connections are correct, plug 
the power cord into a source of 120 volts and watch the dis- 
play tube. After a few seconds, the tube should form an “8.” 
If nothing happens, quickly unplug the power cord and repeat 
the wiring check. This time use care in inspecting every single 
connection. If the solder connections look suspicious, reheat 
them with a soldering iron and let them cool without any move- 
ment. Check the IC mounting board. Have any of the connec- 
tion leads become unsoldered ? 

If one or two display tube segments fail to light, you can 
troubleshoot the problem with a voltmeter. First, determine 
which drive transistors are connected to the inoperative seg- 
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ments. With the negative probe from the meter connected to 
the ground connection and the positive probe touching the 
transistors collector lead, you should get a reading of about 
22 volts. If so, touch the probe to the display tube socket termi- 
nal corresponding to the bad segment. If you don’t get a volt- 
age reading, resolder the connections between the transistor 
and socket. If you do, unplug the tube and clean the tube 
socket and tube pins with a solvent. Unless the tube has a bad 
segment, the display should now operate normally. If a seg- 
ment is still inoperative, work backwards through the driving 
transistor connections to the IC. Resolder all connections, in- 
cluding the associated resistors. If this fails to cure the prob- 
lem, replace the transistor. 

You can check the old transistor with an ohmmeter after 
removing it from the circuit. The meter should show a very 
high resistance when the negative probe is touched to the base 
lead and the positive probe to either of the other leads. The 
resistance should be much lower when the positive probe is 
connected to the base and the negative probe to either of the 
other leads. If you get readings which are different from these, 
discard the transistor. 

I seriously doubt that you’ll have to employ all these trouble- 
shooting techniques with your project, but at least now you 
know more about troubleshooting digital circuits. To get some 
experience at troubleshooting in the event your project works 
properly the first time, you may want to get a friend to sabo- 
tage one of the drive transistors or a connection by clipping a 
single lead. Then you can follow through the procedures out- 
lined above to pinpoint the trouble. With a little practice, you 
can troubleshoot the circuit and repair the problem in a matter 
of minutes. In fact, troubleshooting straightforward digital 
circuits like this one is much easier than repairing most radios. 

When the circuit is operating properly, you can use it to con- 
vert binary inputs into the decimal digits 0-9. The “8” formed 
during your initial test was not actually the digit 8 but a test 
procedure provided by the decoder IC to make sure all 7 seg- 
ments on the display tube activate. To operate the device, try 
an easy binary number like 0001 (decimal 1). Referring to the 
information in Table 4-1, you’ll see that the IC’s input termi- 
nals marked D, C, and B (pins 6, 2, and 1) must be at the “0” 
or “low” binary state to give a “1” on the display tube. To ful- 
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fill this requirement, simply touch these three leads together 
and connect them to ground with a clip lead. A ‘“‘1”’ should ap- 
pear on the display tube. To get a “0,” all the BCD inputs must 
be low; so touch the remaining input lead (pin 7) to ground 
and a “0” will appear. To get a “7,” touch only the D input 
(pin 6) to ground. You should be able to generate the decimal 
digits 0-9 by appropriate connections from the four BCD 
inputs to ground. 

Now that you’ve actually tried converting binary numbers 
into decimal output, the truth table in Table 4-1 probably 
makes much more sense. At least now you can figure out how 
the name “truth table” originated. 


GOING FURTHER 


You can make a permanent BCD to decimal demonstrator 
unit by connecting a toggle switch from each of the BCD in- 
puts to ground. The switches should be arranged in a D, C, B, 
A order and labeled. You can also connect push-button switches 
from the lamp test connection (pin 3) and the blanking output 
(pin 4) to ground. When the lamp test switch is pressed, all 7 
segments of the display tube should be illuminated. When the 
blanking switch is pressed, all 7 segments should be extin- 
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Figure 4-7. Switch circuit for manual BCD input. 
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guished. These actions should occur no matter what binary 
number is entered into the decoder’s BCD input. Figure 4-7 
shows the various connections required to connect all six 
switches. 

You can use a voltmeter to check the state of the various 
drive transistors during operation. Connect the meter’s nega- 
tive probe to the ground connection and use the positive probe 
to make contact with the collector of each transistor. You'll 
find that some transistor collectors show a reading of about 22 
volts, while others show no voltage. Only the transistors con- 
nected to a lighted segment in the display tube will show a 
voltage. 

If the display tube segments are not evenly illuminated, you 
can increase the tube’s brightness by reducing the value of R3 
slightly. If the filaments in the tube glow visibly orange, in- 
crease R38 slightly to reduce the filament voltage and prolong 
the tube’s life. You can perform these adjustments very 
quickly by removing R3 and connecting a 5000-ohm potentiom- 
eter in its place with clip leads. Connect the clip leads to the 
center terminal and one of the two outer terminals. Adjust the 
potentiometer until the tube is operating properly and discon- 
nect it from the circuit; measure its resistance with a VOM 
and substitute a 10-watt resistor with a similar value. 


Table 4-3. BCD Decoder and Display Parts List 


Description 


Module, rectifier bridge (276-1146) 
Capacitor, 220 wF, 50 volt (272-1045) 

7447 Decoder, BCD to 7-segment (276-1805) 
Transistors, NPN, switching (276-2016) 
Resistor, 100 ohm, 10 watt 

Resistor, 500 ohm, 10 watt 

Resistor, 250 ohm, 10 watt 


Resistor, 500 ohm, 10 watt 

Resistors, 47,000 ohm 

Resistors, 10,000 ohm 

Transformer, 120 V AC/24 V AC (273-1386) 

Fluorescent display tube, 7-segment (276-049) 

Perforated board (276-1392), IC socket adaptor (276- 
024), 9-pin tube socket (274-1512), power cord (278- 
1255), electrical tape, hookup wire, solder 


Radio Shack catalog numbers shown in parentheses. 
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CHAPTER 5 


DIGITAL COUNTING CIRCUIT 


In Chapter 2, you saw how the binary number system enables 
a digital circuit, such as a flip-flop, to count. In Chapter 4, I 
showed you how to convert the awkward binary numbers into 
their decimal equivalents using a 7447 decoder/driver IC and 
a display tube. 

You could connect a string of flip-flops like the 923 together, 
making a digital counting circuit which would add succeeding 
input pulses or signals and display a running total on the read- 
out project described in Chapter 4. But working with four in- 
dividual ICs is complicated, since each unit has eight leads. 
Fortunately, there is an IC available which already incorpor- 
ates four individual flip-flops. It’s the 7490 decade counter and 
is available from Radio Shack. Like the 7447 decoder in the 
previous project, the 7490 is a sophisticated IC containing 
some 84 transistors, 24 diodes, and 76 resistors. 

In this project, you’ll supplement the basic BCD to 7-sezgment 
decoder of Chapter 4 with an automatic counting circuit, mak- 
ing use of the decade counter and a simple pulse generator. 
Besides learning quite a bit more about the operation of digi- 
tal logic circuits, you will be able to find some practical uses 
for the completed counter. 
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HOW IT WORKS 


Operation of the counter is dependent on the binary count- 
ing action of a string of flip-flops. Since the 7490 has only 4 
flip-flops, it is limited to 4 binary digits. But that’s all we need 
for the BCD equivalents of the decimal digits 0-9. For higher 
numbers, a second unit can be activated each time the first one 
reaches “‘0.”” In this way decimal counting can be achieved with 
one decade counter per digit. 

The circuit described here has but one 7490, but that’s all we 
need to demonstrate the basics of a binary counter. In opera- 
tion, a simple unijunction transistor (UJT) oscillator supplies 
a continual series of pulses to the input terminal (pin 14). You 
can see how the unijunction oscillator operates by referring to 
the circuit diagram in Figure 5-1. Capacitor Cl is charged 
through resistors Rl and R2 until Q1’s emitter is forward 
biased. At this point, the UJT (Q1) conducts and permits Cl 
to discharge through Q1, R4, and R5. When C1 discharges, 
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Figure 5-1. Pulse generator and decade counter circuit. 
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the UJT is again turned off, and C1 begins charging again until 
the cycle repeats. 

The discharge of Cl is very fast and appears as a voltage 
spike across R4 and R5. Both R4 and Rd are required to reduce 
the amplitude of this spike somewhat. The repetition rate of 
the oscillator can be changed by altering the value of Cl or 
Rl. We’ll discuss this topic more in the section on “Going 
Further.” 

In reference to Figure 5-1, the pulses from the UJT oscil- 
lator are fed into the input of the decade counter. Each incom- 
ing pulse initiates a binary counting sequence as each of the 
7490’s four internal flip-flops alternately change state. Since 
each flip-flop is connected to an output pin, it’s possible to check 
the status of all the flip-flops by simply connecting a voltmeter 
across each output pin and ground. You can even use an LED. 
Just use a clip lead to connect its cathode to ground and touch 
its anode lead directly to each of the four output pins on the 
7490 one at a time. 

As shown in Figure 5-1, each of the 7490’s BCD outputs are 
connected directly to the corresponding BCD inputs of the 
7447 decoder/driver. This causes the 7447 to automatically 
convert the binary count from the decade counter into decimal 
digits, which can be seen on the readout tube. The result is a 
continuous 0-9 counting sequence displayed on the tube. Each 
time the count reaches 9, it recycles to 0 and continues. With 
another counter circuit, you could feed a carry pulse from the 
7490 into a second counter to count to 99. Three circuits would 
give 999; four, 9999; and so forth. 

You can get a better idea of the counting action of the com- 
plete circuit by referring to Figure 5-2. The diagram in the 
figure is called a timing diagram, and it shows the output state 
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FROM UJT TO 
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Figure 5-2. Digital counting circuit timing diagram. 
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of both the 7490 and 7447 after each incoming pulse. The out- 
put of the 7490 is particularly interesting, since you can see 
how the binary numbers indicate the state of each of its four 
flip-flops. 

We'll discuss some additional operating features of the 
counting circuit later, but first let’s see how to put it together. 


CIRCUIT ASSEMBLY 


I assembled the prototype decade counter and pulse generator 
directly to the perfboard of the already constructed BCD to 7- 
segment decoder circuit, but you can use a separate board if 
you prefer. Assemble the UJT oscillator first by referring to 
the pictorial in Figure 5-8. Compare Q1 with the base diagram 
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Figure 5-3. Parts layout for decade counter. 


in Figure 5-1 to make sure you know the identity of each lead; 
then install Q1 in the perfboard. Insert C1 in the board also, 
and solder one of its leads to Q1’s emitter. Next, install Rl and 
R2 and solder them to one another. Solder R2’s remaining lead 
to Q1’s emitter. 
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R3 is next; insert it into the board next to R2 and solder its 
upper lead to R1 and its lower lead to Q1’s B2 lead. Continue 
assembly of the oscillator by installing R4 and R5 and soldering 
their leads to one another. Then solder Cl’s remaining lead to 
the lower junction of R4 and Rd. The upper junction of R4 and 
R5 is soldered to Q2’s B1 lead. 

Complete assembly of the oscillator by connecting an insu- 
lated length of hookup wire from the junction of R1 and R38 to 
the junction of power-supply resistors Rl and R2 in Figure 4-1. 
This will provide about 25 volts for the operation of the oscil- 
lator. Connect a second length of insulated hookup wire from 
the junction of the oscillator’s C1, R4, and R5 to the ground 
connection of the decoder circuit (the negative lead of Cl in 
Figure 4-1). Be sure to clip off all excess lead lengths. When the 
oscillator is completed, prepare the 7490 IC for installation. 
Like the 7447 in the decoder circuit, I simply soldered the 7490 
directly to a socket adaptor board, but you can solder a socket 
to the adaptor or use a socket alone if you prefer. When the IC 
or socket is soldered in place, solder a length of insulated 
hookup wire between the solder pads which connect to the IC’s 
pins 1 and 12. Solder another insulated hookup wire from pins 6 
and 7 to pin 10. Then solder a length of insulated hookup wire 
across the solder pads from pads 2 and 8 to pad 6. Next, solder 
6-inch lengths of insulated hookup wire to the solder pads 
which connect to the IC’s pins 2, 8, 9, 11, 12, and 14. 

When all the connection leads have been soldered to the 
7490’s adaptor board, carefully inspect the assembly to make 
sure all the leads are soldered correctly. I find it helpful to 
mark the IC’s pin numbers on or adjacent to the respective 
solder pads. Complete final assembly of the decade counter by 
threading the IC connection leads through holes in the de- 
coder’s perfboard. The mounting board should stand about half 
an inch above the perfboard. The space between perfboard and 
IC will give you some room if it becomes necessary to solder 
a new connection lead to the 7490 or replace an existing one. 

Fig. 5-4 shows the connection points for each of the 7490’s 
leads. For a neat appearance, be sure to trim the leads so they 
overlap the intended connection point by about half an inch. 

If you followed the parts layout shown in Fig. 5-3, the com- 
pleted counting unit should resemble the prototype unit shown 
in Fig. 5-5. The BCD to 7-segment decoder/driver project 
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Figure 5-4. Decade counter IC wiring diagram. 


leaves ample space for inserting all the parts for the counter 
circuitry. 


TESTING AND OPERATION 


As with any semiconductor project, carefully check all wir- 
ing connections for possible errors before connecting a power 
source. Be sure to remove any wire clippings and solder scraps 
also. 

When you are satisfied that the circuitry is properly assem- 
bled, plug the power cord into a source of house current and 
watch the display tube. It should display a 0-9 counting se- 
quency as soon as the tube’s filaments are warm. The cycle will 
continuously repeat itself. If the tube fails to show a count, or 
if one or more segments fail to light, recheck all the wiring 
after disconnecting the power cord. No counting sequence prob- 
ably means the UJT oscillator isn’t operating properly, while 
irregular segment displays or count sequences probably mean 
an error in the connections to the 7490. 

Note that the reset lead connected to pins 2 and 3 on the 7490 
must be grounded or the display will not operate. The reset 
connection permits the display tube to be reset to “0”’ any time 
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Figure 5-5. Assembled decade counter. 


in the count cycle. If the input lead (pin 14) is disconnected 
from the UJT oscillator, the tube will stop counting and con- 
tinuously display the last digit counted. This illustrates the use 
of the flip-flop as a memory element. As we saw in Chapter 2, 
a single flip-flop will store either a binary “0” or “1.” This cir- 
cuit shows how a string of four flip-flops will store the binary 
equivalents for each of the decimal digits 0-9. 


GOING FURTHER 


You can try several interesting experiments with the com- 
pleted counter circuit. If you tire of watching the tube display 
a 0-9 continuous count at a constant rate, it’s easy to speed it 
up or slow it down by simply changing the pulse rate of the 
UJT oscillator. This can be done by changing the value of C2, 
but a better and more efficient way is to remove R1 and replace 
it with a 2-megohm (2,000,000-ohm) potentiometer, such as 
the Radio Shack 271-093. Connect the center terminal of the 
pot to R2 (open the R1, R2 connection) and one of the end ter- 
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minals to R38. Now you can rotate the pot’s shaft to vary the 
counting rate from a count every second or so to a blur far too 
fast for the human eye to distinguish. In fact, at count rates 
faster than about 20 pulses per second, all the segments will 
appear lighted and the display tube will show what appears to 
be the digit ‘8.’ Actually, the tube is displaying all the digits 
0-9 in rapid sequence. 

For a super-slow count rate, just connect a fairly large ca- 
pacitor across C2’s terminals. With a 1,000,000-ohm resistor 
for R1 and a 2-uF capacitor across C2, you will get a rate of 
about one count every 5 seconds. 

The counting action of the completed circuit suggests an im- 
portant application: a digital clock. Actually, the circuit is a 
kind of clock, and its operation is very similar to more sophisti- 
cated units. High-quality digital clocks use a high-frequency 
crystal oscillator as a timing source. A chain of flip-flops is 
used to divide the high-frequency rate of pulses into a slower 
format capable of being displayed. Since quartz crystals have 
very precision oscillation characteristics, quartz clocks can 
have a very high degree of accuracy. 

Your unijunction oscillator isn’t nearly as accurate as more 
sophisticated time measuring devices, but you can use the 
counter as a special-purpose ‘“‘clock’”’ for darkroom roles and 
other applications requiring relatively brief timing intervals. 
You can calibrate the device by means of the potentiometer 
soldered in the circuit in place of Rl. 

Another application for the counter is as a random number 
generator. Best results will be obtained by leaving the poten- 
tiometer used in the clock experiment in place. Adjust the pot 
until the counting rate becomes a blur on the display tube. Then 
stop the pulses from the UJT oscillator by temporarily bypass- 
ing Cl of the oscillator with a clip lead. The display tube will 
then indicate the count being registered when the oscillator 
was disabled. Since the pulse rate is so fast, there is no obvious 
way of predicting which number is on the tube when the in- 
coming pulses are stopped; so the counter is essentially a ran- 
dom number generator or a ten-sided electronic die. 

To make the random number generator more practical, dis- 
connect the connection lead from the pulse output of the UJT 
oscillator (the one connected to the UJT’s B1 and the junction 
of resistors R4 and R5) to the input of the 7490 IC (pin 14). 
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Then connect a SPST toggle switch, such as the Radio Shack 
275-011, between the oscillator pulse output and the IC. With 
the switch in the On position, the counter will operate as nor- 
mal; but when the switch is turned to Off, the count will stop, 
and the readout tube will display the last number registered 
in the count sequence. 

The switch is not very large, and with a little care you should 
be able to mount it in a small space on the perfboard. A %-inch 
hole will be required for mounting, and you may have to re- 
arrange some of the connection wires that are located on the 
back of the board. 

As I noted earlier, the ability of the counter circuit to display 
and hold a digit after the counting sequence is stopped illus- 
trates the memory or storage role of a string of flip-flops. Flip- 
flops are too complicated for use in most large-scale memory 
applications, but they are very handy as temporary storage 
registers. Sometimes flip-flop registers are referred to as elec- 
tronic “scratch pads.” They can also be used as “read-write” 
memories, since a signal can be fed in and read out without 
changing the state of any of the flip-flops. 

Flip-flop memories are volatile. That is, they retain stored 
information only so long as they are supplied with operating 
power. Once the power is shut off, the memory resets and auto- 
matically clears itself. Does this suggest a simple way to clear 
a flip-flop circuit such as the decade counter? 

An interesting variation of the ten-digit electronic die we 
were discussing a few paragraphs ago employs the blanking 
capability of the 7447 BCD decoder (IC). All that’s necessary 
is to use a DPDT switch, such as the Radio Shack 275-1546, 
in place of the SPST switch used above. Connect the UJT oscil- 
lator and pin 14 of the 7490 (IC2) to one side of the switch 
(Figure 5-6). Then, use lengths of connection wire to connect 
pin 4 and ground to the other side of the switch. 

When the switch is in the “on” position, the oscillator will 
send a rapid sequence of pulses into the 7490 IC. But since pin 4 
of the 7447 IC is grounded, the display tube will be blanked 
out and no digits will appear. When the switch is turned to the 
Off position, the oscillator will be disconnected from the decade 
counter, and the display tube will no longer be blanked out. 
Using this simple technique, your electronic random number 
generator will appear much more sophisticated. 
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There are several other experiments you can try with the 
counter circuit. For example, there’s no need to use the UJT 
oscillator to provide input pulses. You can disconnect or even 
omit the oscillator and feed the pulses in yourself by connecting 
a SPST push-button switch from the input of the 7490 (pin 14) 
to any other source of positive voltage. The 7490 requires a 
minimum of 2 volts to count an input pulse. Don’t exceed 5.5 
volts on the input or the IC may be damaged. 

As you can see by now, a simple digital counting and display 
circuit has a wide variety of uses. By connecting additional dec- 
ade counters and display tubes to the first, you can count to 
any number up to the maximum number of digit places. 


Figure 5-6. Wiring a DPDT switch to utilize 1C2’s blanking capability. 


The basic counter and decoder described here looks fairly 
complicated because of all the parts required to drive the seg- 
ments of the display tube. Of course the circuitry inside the 
ICs is amazingly complicated, but take away the driving cir- 
cuitry, replace the power-supply parts with a 6-volt battery, 
and you’re left with the ICs, UJT oscillator, and display tube. 
The tube we’re using requires the drive circuitry because of its 
high operating voltage, but light-emitting diode readouts can 
be driven directly by the 7447, with nothing but a single series 
dropping resistor between each of the segments and the 7447. 

There are even ingenious techniques for using one 7447 to 
drive a string of perhaps eight digital displays. Most portable 
electronic calculators use one of these methods to reduce both 
cost and size. The most common way to use a single 7447 to 
drive several displays is called strobing or multiplexing. A 
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pulse generator, called a clock, causes a single 7447 to be con- 
nected to each display in rapid sequence. Since the human eye 
cannot detect a flicker rate faster than about 18 or 20 flashes 
per second, a sufficiently fast strobe rate causes all the digits 
to appear on at the same time, when actually only one digit is 
on at any one instant. 

If the subject of digital logic, counters, displays, and de- 
coders interests you as much as it does me, I suggest you visit a 
library to read up on the subject in more detail in one of the 
many good books on digital electronics. But first, let’s try an- 
other project and see how a common digital IC can be used in 
some very different roles. 


Table 5-1. Pulse Generator and Decade Counter Parts List 


See 


Capacitor, 0.1 uF (272-1069) 
7490 decade counter (276-1808) 

Unijunction transistor (276-111) 

Resistor 1,000,000 ohm 

Resistor, 4700 ohm 

Resistor, 390 ohm 

Resistors, 10 ohm 

IC socket adaptor (276-024), hookup wire, solder 


Radio Shack catalog numbers shown in parentheses. 
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CHAPTER 6 


DIGITAL IC OSCILLATOR 


In Chapter 2, we briefly discussed several digital logic cir- 
cuits other than the flip-flop. Two of the most basic logic cir- 
cuits are the AND and NAND gates. An AND gate usually has two 
input terminals—a simultaneous voltage at both inputs is re- 
quired to give an output voltage. “No voltage,” or a voltage at 
only one input results in “‘no output.’”’ A NAND gate is simply 
an AND gate followed by an inverter; its operation is exactly 
the opposite of the AND gate. It gives an output voltage, unless 
an input voltage is present on both inputs; then it gives no 
output. 

Gates are very useful as basic “‘decision” mechanisms in digi- 
tal logic circuits. In a typical application, a gate is used to 
monitor the status of two separate circuits, both of which must 
have completed processing an input signal before the signal 
can continue passing through the circuitry. Only when the 
gate receives a pulse at both inputs will it permit the signal 
to pass on to the next stage of circuitry. 

If you assembled the digital readout project in Chapter 3, 
you have already worked with several kinds of gates. But since 
the gates were all nicely preassembled into the 7447 decoder/ 
driver IC, you didn’t have to connect them yourself. 

In this chapter, you’re going to get a chance to experiment 
with some unusual and very useful properties of gates. The 
project described here uses a low-cost RTL 914 dual 2-input 
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gate. First, we’ll build an oscillator using the 914, and in the 
next chapter I’ll show you how to use the 914 for some even 
more interesting applications. 


HOW IT WORKS 


The circuitry inside the 914 is simpler than that of most of 
the ICs we’ve used so far. Each of the two gates incorporates 
2 transistors and 8 resistors for a total count of only 10 com- 
ponents. 

By crisscrossing the output of each of the 914’s two gates 
with each other’s inputs, it’s possible to convert the 914 into a 
type of flip-flop. To see how this is done, refer to the block dia- 
gram in Figure 6-1. Even without a knowledge of what compo- 
nents are in each gate, you can see how the output of each gate 
is coupled back to the input of the other. This sets up a situ- 
ation where the output of one gate can directly control the 
state of the other. 


Figure 6-1. The 914 oscillator 
logic diagram. 


The capacitor controls the switching rate of the circuit. 
When one gate has been on for a time determined by the ca- 
pacitor, it shoots a pulse over to the other gate and the process 
repeats itself. A small-value capacitor gives a fast switching 
rate and a larger one a slow rate. The result is a series of 
pulses whose frequency can be easily altered by means of the 
capacitor. 


61 


As you will recall from Chapter 2, flip-flops require an ex- 
ternal trigger pulse to cause the device to change state. For 
this reason, a flip-flop is sometimes called a bistable circuit. 
A flip-flop is also called a multivibrator, since it is a two-stage 
amplifier with positive feedback. Putting these definitions to- 
gether gives us the term bistable multivibrator, a complicated 
way of saying flip-flop. 

The flip-flop made by connecting the two gates inside a 914 
to one another is unique in that it switches back and forth on 
its own, without the need for an external trigger pulse. For 
this reason, its more correct to refer to the circuit as a free- 
running or astable multivibrator. Since the circuit switches 
back and forth on its own, there’s obviously no way to use it as 
a memory element or for any of the other logic applications of 
ordinary bistable flip-flops. In fact, the 914 connected as an 
astable multivibrator isn’t a digital logic circuit. It’s an oscil- 
lator which can be used as a tone generator, pulse generator, 
signal injector, and in other applications. 

There’s still another important variation of the flip-flop cir- 
cuit, the monostable multivibrator. This circuit isn’t free-run- 
ning like the astable multivibrator, and as with the flip-flop, 
an input pulse is needed to trigger it. But instead of changing 
states each time an incoming signal is received, the monostable 
multivibrator issues a single pulse for each incoming pulse. At 
first that may not sound too useful, but since the pulse width 
from the monostable multivibrator is completely independent 
of the incoming pulse width, it’s actually a very useful circuit. 
For example, the circuit can be used to stretch or narrow in- 
coming pulses. 

We'll see how to use the 914 as a monostable multivibrator 
in the next chapter, but first let’s try it in an astable mode. 


CIRCUIT ASSEMBLY 


Figure 6-1 shows how the gates inside the 914 are connected 
to produce an astable or free-running state, and Figure 6-2 
shows how to connect the 914 in a practical circuit. I assem- 
bled the prototype oscillator on a perfboard, as shown in Fig- 
ure 6-3, but since only a few external parts are required you 
can assemble the entire circuit by merely soldering the compo- 
nents to the IC mounting board. 
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Figure 6-2. Digital IC oscillator circuit diagram. 


Begin construction by soldering the 914 IC to a socket adap- 
tor board. Spread the leads slightly and insert them into the 
board from its top (bare) side. Leave two holes between pins 1 
and 8. When the leads are in place, invert the board and solder 
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Figure 6-3. Digital IC oscillator pictorial. 
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them to the copper foil. Use two clothespins to hold the board 
in place during soldering. 

Be sure to check the IC’s pin diagram before soldering the IC 
to the board. The pin diagram, which is included in Figure 6-2, 
is viewed from the top. I generally mark each pin number next 
to the respective solder pad on the back of the adaptor board 
to save time and prevent confusion. Double check the pin dia- 
gram in Figure 6-2, and remember it shows the IC from the top, 
or you will reverse the pin markings. 

When the IC is installed on the socket adaptor board, solder 
4-inch lengths of insulated hookup wire to each of the solder 
pads. Even though several of the pins will be connected to- 
gether later, it’s more convenient to connect them with the 
connection leads instead of soldering bridge wires between 
pads. In this way, you can use the same 914 in several projects 
(including the one described in the next chapter) without hav- 
ing to disconnect soldered bridge wires. 

When the leads are in place, insert them through holes in the 
perfboard and allow the adaptor board to stand about half an 
inch from the main board. Bend all the leads outward to keep 
the board in place, and install C1, C2, and R1. C2 isn’t necessary 
for the circuit to oscillate, so you can eliminate it if you prefer. 
Or, you can include it in your circuit and experiment with 
bridging a wire across its terminals as I did with the prototype 
circuit. 

Secure Cl, C2, and R1 in place by bending their leads out- 
ward, and then solder one lead from C1 to one from C2. Solder 
the nearest lead from R1 to the junction formed by C1 and C2. 
Next, solder the remaining lead of R1 to the connection lead 
from the IC’s pin 8. The remaining lead of Cl is soldered to 
the IC’s pin 1. C2’s free lead is soldered to pin 7’s connection 
lead. If you omit C2, just solder pin 7’s connection lead directly 
to the junction of R1 and Cl. 

Continue assembly of the oscillator by soldering the IC pin 
connection leads to one another as shown in Figure 6-3. Pin 3 
goes to pin 4, and pin 2 goes to pin 6. Finally, pin 5 goes to the 
junction of C1, C2, and Rl. 

Complete assembly of the oscillator by connecting power sup- 
ply and output leads. An insulated connection wire soldered to 
pin 8’s connection lead becomes the positive (+) connection, 
and a second lead soldered to the junction of pins 8 and 4 be- 
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comes the minus (—) connection. Output leads are soldered to 
pins 8 and 4 and pin 6. 

The completed circuit should resemble the prototype shown 
in Figure 6-4, if you used a perfboard. The circuit will be con- 
siderably more compact if you soldered all the parts directly 
to the IC’s socket adaptor board. 

If you didn’t trim the connection leads from the IC mounting 
board before soldering them together, the wiring behind the 
perfboard will resemble a rat’s nest. This will not affect opera- 
tion of the circuit, and the extra lead lengths will permit you 
to modify the circuit for the next project. Just be sure to wrap 
some short lengths of electrical or masking tape around each 
exposed solder connection to prevent possible electrical shorts. 
A short can quickly ruin the 914 IC. 


Figure 6-4. Assembled oscillator. 


TESTING AND OPERATION 


Carefully check all the circuit connections and recheck the 
pin connections to the 914 IC before connecting the complicated 
oscillator to a source of power. Make sure there are no shorts 
and remove any wire clippings or solder fragments. 
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When you are confident the circuit has been wired correctly, 
connect a crystal earphone to the output leads and a line- 
operated power supply or a 6-volt lantern battery to the plus 
and minus terminals. Don’t use a higher voltage battery or the 
IC may be permanently damaged or destroyed. 

When the power is connected, you should immediately hear a 
tone from the earphone. The tone will be very pure in quality 
and should have plenty of volume. If you don’t hear a tone, dis- 
connect the power supply or battery and recheck the wiring. 
Check for possible disconnected leads on the IC socket adaptor. 
If you’re using a battery, make sure it’s good by having a 
technician test it. Also, check the earphone to make sure it 
operates properly. 

When the circuit is operating properly, you can try it as a 
tone generator, signal injector, code practice oscillator, or even 
a voltage controlled oscillator (VCO). No modifications are 
necessary to use the unit as a basic tone generator, but you 
can change C1 to get a variety of different frequencies. As a 
sample of what you can get, using a 0.01-uF capacitor for Cl 
as specified in the Parts List and a power-supply voltage of 
4 volts will give a tone frequency of about 1.2 kHz (1200 cy- 
cles per second). Increasing the voltage will increase this fre- 
quency. 

You can slow the tone down considerably by increasing C1. 
For example, with a 4-volt power source, I measured a fre- 
quency of only about 1200 Hz with a 0.1-uF capacitor. More 
spectacular results occur when you decrease C1. At 0.0022 uF 
and a 4-volt power supply, I measured an output tone of 5 kHz. 
With a 0.0001-yF capacitor, the tone increased to 90 kHz. 

You obviously cannot hear a tone with a frequency of 90 
kHz, but you can use an oscilloscope to see the signal. Just con- 
nect the scope across the output leads. If you don’t have a 
scope, you can use an ordinary transistor radio to convert the 
high-frequency output of the oscillator into an audible fre- 
quency. Just place the radio near the oscillator and rotate the 
tuning dial until the tone (there may be several) is heard. 
Make sure the tone is coming from your oscillator by discon- 
necting the power momentarily. 

It’s interesting to note that when you change the value of 
C1, the width of the output pulses changes also. For example, 
with the 0.1-u4F capacitor, the pulse width will be about 7.5 
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milliseconds (thousandths of a _ second). But with the 
0.0001-uF capacitor, the pulse decreases to a width of only 10 
microseconds (millionths of a second). This demonstrates the 
time-constant of a capacitor. As you can see, the smaller the 
capacitor, the faster it charges and discharges. This causes 
both a faster frequency and pulse width when the capacitor is 
used as a timing device in an oscillator. 


GOING FURTHER 


As I noted a few paragraphs ago, you can use the 914 IC 
oscillator as a voltage controlled oscillator (VCO). VCOs are 
frequently used in telemetry systems, since they can encode a 
variable voltage signal from a sensor or transducer into a 
variable tone. The tone is transmitted to a receiver some dis- 
tance away and decoded by converting the tone into the volt- 
age from the remote sensor. Temperature, rocket roll rate, 
pressure, and many other kinds of information can be tele- 
metered with the help of a VCO. 

To use your 914 oscillator as a VCO, simply connect a vari- 
able power supply to the plus and minus terminals and adjust 
the voltage back and forth between 0 and 6 volts. Don’t exceed 
6 volts or the IC will be damaged. 

Using the prototype oscillator as a VCO, I found that oscil- 
lation would begin with a power-supply voltage of only 0.625 
volts. At 1 volt and with a 0.0022-uF capacitor for Cl, the out- 
put tone had a frequency of 2.8 kHz. At 3 volts, the frequency 
was 4.5 kHz; at 6 volts, it was 5.0 kHz. 


Table 6-1. IC Oscillator Parts List 


Sa 


Battery, 6 volt 

Capacitor, 0.01 wF (272-1065) 

Capacitor, 0.1 uF (272-1069) 

RTL 914 dual 2-input gate (276-015) 

Resistor, 100,000 ohm 

Crystal earphone (or use a crystal microphone), per- 
forated board (276-1392), IC socket adaptor (276- 

028), hookup wire, solder 


Radio Shack catalog numbers shown in parentheses. 
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Try some of these different applications of the basic 914 IC 
oscillator yourself. You might even want to install a rotary 
switch connected to several capacitors in order to rapidly 
change C1’s value. Then try the same 914 IC in the next project, 
a monostable multivibrator. 
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CHAPTER 7 


In the last chapter we saw how to use the RTL 914, a low- 
cost digital IC, as an oscillator. In this chapter we’re going to 
use this same IC as a monostable multivibrator. 

As you will recall from our discussion of multivibrators 
several pages ago, the monostable multivibrator simply issues 
an output pulse each time a trigger pulse is received at its 
input. Since the height and width of the output pulse is com- 
pletely independent of the input pulse, the monostable multi- 
vibrator can be used in several unusual and very useful appli- 
cations. 

Before describing how the circuit operates, let’s settle on a 
more convenient name for the monostable multivibrator. En- 
gineers call bistable multivibrators “‘flip-flops,’”’ so we’re going 
to call the monstable a ‘“‘one-shot.”’ One-shot is easier to remem- 
ber and tells you exactly what a monostable circuit does: it 
“shoots” out one pulse in response to an incoming trigger 
pulse. 


HOW IT WORKS 


In the previous circuit we used the 914 IC as an oscillator by 
connecting the output of each of the 914’s to their respective 
inputs. By leaving one of the remaining gate inputs discon- 
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nected, the circuit will not oscillate but will issue an output 
pulse each time a trigger pulse is sent to the unconnected gate 
input. 

To see how this works in a practical circuit, see the logic 
diagram in Figure 7-1. Note that the connections to the two 
gates are identical to those in the previous project (see Figure 
6-1). However, the input to the gate formerly connected to a 
capacitor is now disconnected and used as the input terminal 
to receive incoming trigger pulses. 


Figure 7-1. Monostable multivibrator 
logic diagram. 


You can build and operate the circuit shown in Figure 7-1 
by supplying your own trigger pulses, but the circuit in Fig- 
ure 7-2 is far more convenient, since it incorporates a self- 
contained pulse generator. The pulse circuit is a unijunction 
transistor (UJT) oscillator, similar to the one used in the 
decade counter project in Chapter 5. 

Operation of the UJT pulse generator is straightforward. 
Capacitor Cl charges through potentiometer R1 until the UJT 
conduction voltage is reached. When this occurs, C1 discharges 
through the UJT and R3 in a very quick pulse. The pulse is 
then sent to the input of the 914 one-shot circuit, where it trig- 
gers an output pulse. 

In the last chapter you saw how the value of a capacitor can 
control both the frequency and width of pulses from an oscil- 
lator. Small-value capacitors give narrow pulse widths and 
large values wide pulse widths. In this circuit, a capacitor is 
used in this same role. The trigger pulse from the UJT oscil- 
lator is very fast, but by using a suitable capacitor for C2, we 
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can significantly increase the width of the output pulse from 
the one-shot. In the last circuit we altered the pulse width (and 
oscillation frequency) by changing the value of the capacitor, 
but it’s possible to do the same thing by placing a resistor in 
series with the capacitor. By increasing the value of this resis- 
tor, the capacitor cannot charge or discharge as fast. In Fig- 
ure 7-2, R4 and R5 are the series resistors which perform this 
function. R5 is a potentiometer, and R4 is a fixed resistor in 
series with R4. R4 is designed to keep some resistance in the 
circuit, in case R5 is rotated to the point where its resistance 
is almost zero. 
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Figure 7-2. Digital IC tone stepper circuit diagram. 


The output of the one-shot circuit is a series of pulses at the 
same frequency as the UJT trigger pulses but with more uni- 
form characteristics and adjustable width. While the UJT 
pulse has a very fast rise and relatively slow fall time, the one- 
shot pulse is a perfect square wave. Figure 7-3 shows the rela- 
tionship between the input and output pulses. 

The completed circuit in Figure 7-2 is very useful as a com- 
pact square-wave generator, and we'll discuss this application 
in the section on “Testing and Operation.” But the circuit can 
also be used as a tone stepper. By appropriate adjustments of 
R1, R5, and possibly C2, you can cause the output pulse from 
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Figure 7-3. Input pulse from UJT and output pulse from one-shot. 


the one-shot to be wider than the space between incoming trig- 
ger pulses from the UJT oscillator. For example, if a second 
trigger pulse from the UJT oscillator occurs before the end of 
the one-shot’s output from a preceding trigger pulse, then the 
one-shot will issue only one output pulse for every two trig- 
ger pulses. If the trigger pulses are speeded up by reducing 
R1’s value, or if the one-shot pulses are increased in width by 
increasing R5d’s value, the one-shot will issue even fewer output 
pulses for each trigger pulse. 

In this role, the one-shot is actually acting as a frequency 
divider, an important digital logic device. The result is a very 
unusual tone sequence, when both R1 and R5 are adjusted. The 
tone steps through a range of separate frequencies without 
going through intermediate frequencies. Suitable manipula- 
tion of the shafts on R1 and R5 will produce a sound which 
closely resembles the music produced by bagpipes. 

Figure 7-4 is a diagram showing how the one-shot divides an 
incoming pulse train by 2 or more, depending on the width of 
its output pulse. We’ll discuss how you can display this on an 
oscilloscope in the section on “Testing and Operation,” but 
first let’s assemble the circuit. 


CIRCUIT ASSEMBLY 


You’ll need a perfboard to asemble the one-shot and pulse 
generator circuits, since there are too many components to 
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Figure 7-4. Frequency division with a one-shot. 


mount on a socket adaptor board alone. You can use the 914 
from the previous projects if you like. In fact, you can assemble 
this circuit directly on the 914 oscillator project perfboard. 

For details on mounting the 914 to a socket adaptor board, 
see the ‘“‘Circuit Assembly”’ section of Chapter 6. When the IC 
is soldered to the board, and lengths of hookup wire have been 
soldered to the solder pads, install the IC into the perfboard by 
threading the connection leads on the adaptor board through 
holes in the perfboard. Bend the leads outward to hold the as- 
sembly in place. 

Next, install the remainder of the one-shot components: C2, 
R4, and Rd. I secured Rd in place with connection leads soldered 
to its central terminal and one outer terminal. For a more 
permanent assembly, however, you can mount Rd in a %-inch 
hole bored in the perfboard. Solder one lead of R4 to the IC’s 
pin 8 connection lead and the remaining lead to one of R5’s 
outer terminals. Then solder one of C2’s leads to the IC’s pin 7 
connection lead and the remaining lead to R5’s center terminal. 

Complete assembly of the one-shot by soldering the IC con- 
nection leads for pins 3 and 4 together. Do the same with the 
leads for pins 2 and 6. Then solder a length of hookup wire to 
the IC’s pin 6 connection lead and another to the negative 
power-supply connection point, and thread both wires through 
adjacent holes in the perfboard. These provide the output con- 
nections for the one-shot. 

Begin assembly of the UJT pulse generator by inspecting 
UJT Q1 to determine the identification of the 3 leads. See Fig- 
ure 7-2 for Q1’s base diagram. Insert Q1 in the board, as shown 
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MONOSTABLE MULTIVIBRATOR 


Figure 7-5. IC tone stepper pictorial. 


in Figure 7-5, and bend its leads outward slightly to tem- 
porarily hold it in place. Then install C1, R2, and R38 and bend 
their leads outward also. Solder C1, R2, and R38 to the UJT as 
shown in the pictorial in Figure 7-5. 

Next, solder a length of insulated hookup wire from the 
junction of Cl and R3 to the junction of the IC’s pins 3 and 4. 
This becomes the negative power-supply connection. Solder a 
second hookup wire to this connection and thread it through a 
hole in the perfboard. 

Complete assembly of the pulse generator by installing po- 
tentiometer R1. As with R5, you can mount Ril in a *%-inch 
hole bored in the perfboard or secure it in place with connec- 
tion leads soldered to its center and one outer terminal. When 
Ril is mounted in place, solder the center terminal’s connection 
lead to Q1’s emitter and the remaining lead to R2’s free lead. 
Then solder a length of insulated connection wire from the 
junction of Rl and R2 to the IC’s pin 8 connection lead. This 
connection will become the positive power-supply input point. 
Solder a second hookup wire to this connection and thread it 
through a hole in the perfboard adjacent to the negative con- 
nection hookup wire. 


74 


Figure 7-6. Assembled monostable. 


All that remains to complete the project is a connection wire 
from Q1’s B1 to the IC’s pin 1 connection lead. The completed 
circuit should resemble the prototype shown in Figure 7-6. 


TESTING AND OPERATION 


This project has more wiring than the basic 914 IC oscil- 
lator ; so be sure to check all the connections for possible wiring 
errors. Make sure the UJT is installed properly, and use elec- 
trical tape to insulate all exposed solder connections which 
might cause a short. 

When you are confident the circuit is properly assembled, 
connect 6 volts from a line-operated power supply or lantern 
battery to the positive and negative connection points. With a 
crystal earphone connected to the output, you will immediately 
hear a musical tone if the circuit is operating. If not, try rotat- 
ing R1’s shaft. If no tone is heard, disconnect the power source 
and recheck all the wiring and both IC and UJT pin con- 
nections. 
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When the circuit is operating, you will hear the stepped tones 
(the unique electronic bagpipes I described earlier) by adjust- 
ing Rl and R5d. Try laving Rd set at one point while rotating 
R1 for best results. To change the frequencies of the stepped 
tones, readjust Rd slightly and continue rotating R1’s shaft. 

Changing the value of C2 will also alter the tone stepping 
(frequency division) characteristics of the circuit. Larger 
values will cause a longer output pulse from the one-shot; 
hence, you will get increased division. You should easily get 
5 to 6 discrete tone steps and as many as 10 with careful adjust- 
ment of Rl and R85. 

If you are interested in learning more about the operation of 
the tone stepper, take the completed circuit to a school elec- 
tronics lab or TV repair shop equipped with a dual-trace oscil- 
loscope. A courteous request should earn you permission to con- 
nect the circuit to the scope. Don’t be afraid to ask for pe in 
setting up the scope controls for the experiment. 

Connect one scope probe to the output of the UJT nectiletee 
(B1 of the UJT) and ground. After adjusting the scope con- 
trols, you’ll see a regularly spaced series of spikes across the 
screen. 

Connect the second probe to the output of the one-shot (pin 
6) and ground. Adjust the scope so the second trace is below 
the first, and you should see a series of square waves below 
each pulse from the UJT, as shown in Figure 7-4. Rotate Rl 
and R5 as before, and you will see a fascinating sequence of 
events on the scope as frequency division takes place. Try to 
divide as many UJT pulses into a single one-shot pulse as pos- 
sible. Also, try connecting additional capacitors (e.g., 0.1- and 
0.01-uF units) directly across C2’s leads. For best results, 
listen to the tone with the earphone while watching the pat- 
terns on the scope. 

The square-wave output from the one-shot can be put to 
practical use in analyzing the performance of an amplifier. 
By using a 0.0001-uF capacitor for C2 and with suitable ad- 
justment of R5, the circuit will generate pulses less than 0.2 
microseconds wide. The pulses will have very fast rise and fall 
times; in other words, they are square in appearance. They 
are, therefore, useful for checking the frequency response of 
high-frequency amplifiers. Use a larger capacitor to check 
audio amplifiers. 
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GOING FURTHER 


In this project, we made up our own one-shot by wiring up 
two gates in a 914 IC, but you can duplicate the same experi- 
ments described above by using a true IC one-shot, the 74121 
monostable multivibrator (Radio Shack 276-1814). This IC is 
more flexible, and suitable adjustment of the timing circuit (Cl 
and R1 in Figure 7-1) permits output pulses ranging from 40 
nanoseconds to 40 seconds. 


Table 7-1. IC Tone Stepper Parts List 


en 


Battery, 6 volt 

Capacitor, 0.01 uF (272-1065) 
Capacitor, 0.0001 uF (272-123; see text) 
RTL 914 dual 2-input gate (276-015) 
Transistor, unijunction (276-111) 
Potentiometer, 1,000,000 ohm (271-211) 
Resistor, 100 ohm 

Resistor, 47 ohm 

Resistor, 4700 ohm 

Potentiometer, 100,000 ohm (271-092) 
Earphone, crystal (33-175) (or use crystal micro- 
phone); perforated board (276-1392); socket 
adaptor (276-028); hookup wire; solder 


Radio Shack catalog numbers shown in parentheses. 
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CHAPTER 8 


HIGH-GAIN AUDIO AMPLIFIER 


If you’ve ever wondered what a softly ticking watch really 
sounds like, this amplifier project is for you. In fact, with this 
high-gain amplifier, you will be able to easily hear such “silent’’ 
sounds as an ant walking across a microphone. 

The secret to the unusually high gain of this project is a 741 
operational amplifier IC. The 741 is an advanced version of the 
popular 709 “op amp,” one of the most widely used non-digital 
integrated circuits. Both of these very useful ICs are available 
for less than a dollar each from Radio Shack, and we’ll be 
working with both of them in these last chapters. 


HOW IT WORKS 


If you’ve read Radio Shack’s Introduction to Transistors and 
Transistor Projects, you already have an idea of how a tran- 
sistor amplifies. In simplest terms, amplification occurs when 
a small current flow at the transistor’s base alters a much larger 
current flow from the emitter to the collector (or collector to 
emitter). The transistor simply permits an incoming signal to 
modulate and control a much larger current from a battery or 
other source of current. 

As you probably know, connecting two or more transistors 
in series permits very high amplification to be obtained. For 
example, a single transistor may have a gain of 100, but two 
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transistors with this gain connected in series will give a gain 
of 10,000. Integrated circuitry permits multiple transistor am- 
plifiers to be assembled on tiny silicon chips, and the 709 and 
741 are excellent examples of such IC amplifiers. 

Both the 709 and 741 are op amps. The operation of the op 
amp is a complicated subject, but a few basics will get you 
through most op amp projects with no problems. First, the op 
amp consists of a differential amplifier, followed by several 
stages of additional amplification. A differential amplifier is 
distinguished from other amplifiers in that it has two input 
terminals. One terminal is called the inverting input (—) and 
the other the non-inverting input (+). As you can see in Fig- 
ure 8-1, a signal applied to the inverting input is inverted 
by the op amp, while the polarity of a signal applied to the 
non-inverting input is unaffected. For more on inversion, see 
Chapter 3. 

The two inpufs of thé 6p amp thake for several very interest- 
ing characteristics. For example, the op-amp’s output is zero 
when the same signal 1 is applied to both inputs. This is because 
the inverting input gives an output exactly out of phase with 
the non- invertirig input, and the’ two cancel one another. This 
feature is convenient for ES undesirable hum or other 
stray signals. . ‘ ¢ 

The 709 ‘op amp has some 15 Prdistors and 14 oniatare. 
Because of its very high: ‘gain, ‘a few smallwcabacitors must be 


NON-INVERTED 
OUTPUT 


JL me 


INVERTED 
OUTPUT 


Figure 8-1. Op-amp inversion and non-inyersion. 
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connected to the device to prevent oscillation from occurring. 
The 741 is a more sophisticated version of the 709 and incor- 
porates internal compensation circuitry to prevent oscillation. 
In the next chapter, I’ll show you how to make an op amp 
oscillate under controlled conditions. Now, however, we’re go- 
ing to assemble a high-gain audio amplifier using an op amp, 
and oscillation is the last thing we want to occur. 

Operation of the circuit can be seen by referring to the dia- 
gram in Figure 8-2. The high input impedance of the 741 per- 
mits any general-purpose crystal microphone (or earphone) to 
be fed into the op amp. Potentiometer R2 serves as a volume 
control. R83 is a feedback resistor which stabilizes the ampli- 
fier and controls its gain and frequency response. The output 
of the 741 is low impedance; so an inexpensive magnetic ear- 
phone can be used to hear the amplified signal. 


va 


= 9VOLTS 


Figure 8-2. High-gain op-amp audio amplifier circuit. 


CIRCUIT ASSEMBLY 


Begin assembly of the amplifier by soldering a 741 IC to a 
socket adaptor board and soldering connection leads to each 
solder pad; use the procedures outlined in previous chapters. 
Use 4-inch lengths of connection wire. When the IC board is 
completed, thread the connection leads through the perfboard 
and allow the assembly to stand about half an inch above from 
the perfboard. During assembly, try to keep the IC connec- 
tion leads fairly short by trimming excess lengths. If the 
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wires are left fairly long, their proximity to other leads may 
cause undesirable oscillation to occur. 

Next, install C1, R1, and C2 in the approximate positions 
shown in the pictorial in Figure 8-3. Solder R1 from one ter- 
minal of C1 to the negative terminal of C2. C1’s remaining lead 
will become one of the input leads. Solder the connection lead 
from the IC’s pin 3 to the junction of C1 and Rl. 
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Figure 8-3. Op-amp high-gain amplifier pictorial. 


Continue assembly of the circuit by inserting R3 into the 
perfboard, as shown in Figure 8-8, and soldering one of its 
leads to the connection lead for the IC’s pin 6. This connection 
will become the amplifier’s output; so solder a length of in- 
sulated hookup wire to it and thread it through the perfboard. 
R3’s remaining lead goes to C2’s remaining lead, and the re- 
sulting junction is soldered to the IC’s pin 2 connection lead. 

Complete the component installation by mounting the volume 
control, R2, to the perfboard by its connection leads. For a 
sturdier assembly, mount R2 in a %-inch hole bored in the 
board. R2’s center terminal should be connected to the junction 
of Rl and C2 with a short length of hookup wire. A length of 
hookup wiregsoldered to one of R2’s outer terminals serves as 
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the second input connection. Thread the wire out through a 
hole in the perfboard near the first input lead. 

Complete assembly of the amplifier by installing two 9-volt 
battery clips. Thread the leads from each clip through the perf- 
board, as shown in Figure 8-3, and solder the black lead from 
one clip to the second clip’s red lead. Then solder two lengths 
of insulated hookup wire to the resulting junction. One wire 
becomes the second output terminal and should be threaded 
through a hole in the perfboard adjacent to the first output 
terminal. The second wire goes to the terminal of R2, which 
serves as an input connection. 


Figure 8-4. Assembled amplifier. 


The connections you have just made are all called ground 
connections. The op amp requires a bipolar power supply for 
proper operation, and we’re going to achieve this requirement 
by using two series-connected 9-volt batteries. The positive sup- 
ply is obtained by soldering the unused red battery clip lead 
to the connection lead for the IC’s pin 7. The negative supply 
is obtained by soldering the unused black lead to the connection 
lead for the IC’s pin 4. 
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Assembly of the amplifier is now complete, and the finished 
circuit should resemble the prototype shown in Figure 8-4. 
Carefully inspect the circuit for possible wiring errors and 
shorts before installing the batteries. 


TESTING AND OPERATION 


When you have inspected the wiring for possible errors, con- 
nect a 9-volt battery to each battery clip. The circuit is turned 
off by disconnecting the batteries. With a crystal microphone 
connected to the input and a magnetic earphone at the ouput, 
you should be able to hear a shrill oscillation by placing the 
earphone near the microphone. The oscillation occurs when 
noise from the amplifier is picked up by the microphone and 
reamplified. This process is called positive feedback, and the 
result is a high-pitched tone. 

If the tone isn’t present, try adjusting R2’s shaft. If this 
doesn’t help, disconnect the batteries and make sure both are 
good by having a technician check them. Then, reinspect the 
wiring for possible errors. 

When your amplifier is working properly, place the micro- 
phone near a spring-driven clock or watch. The amplifier will 
increase the sounds from the mechanism greatly, and you'll be 
able to hear sounds you never knew a clock made. Another in- 
teresting experiment is to place a small square of paper over 
the microphone and allow an ant to walk across the paper. TE 
the paper has good mechanical contact with the microphone, 
you should be able to hear the walking sounds of the ant. Most 
crystal microphones incorporate a foil diaphragm connected 
to the piezoelectric crystal element. For even better results, 
remove the microphone’s cover and carefully place the ant 
directly on the diaphragm. Use care to avoid damaging the 
fragile diaphragm. 

If you don’t have a crystal microphone, you can use a crystal 
earphone instead. But you will get better results with a micro- 
phone, since it will have a larger diaphragm sound receiving 
area. You can artificially increase the sound receiving area of 
the earphone or microphone by mounting it in the focal region 
of a dish-shaped parabolic reflector. This sound antenna will 
permit you to hear sounds originating from several hundred 
feet away. 
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The gain of this amplifier is so high that oscillation may 
occur even when the earphone and microphone are widely sepa- 
rated. This is caused by inductive feedback resulting from the 
proximity of some of the connection leads, and you should be 
able to eliminate it by rearranging the wiring on the back side 
of the circuit board. In some cases, it might even be necessary 
to move one or more of the components to another part of the 
perfboard to eliminate the unwanted oscillation. But before 
going this far, disconnect the earphone to make sure acoustical 
feedback from the earphone to the microphone isn’t causing 
the problem. 


GOING FURTHER 


The high-gain amplifier can be used in a variety of practical 
applications; so you might want to build it into a permanent 
plastic or metal cabinet. Radio Shack markets several such 
cabinets, and the 270-627, a bakelite case with aluminum front 
panel, is ideal for this project. You should cut the amplifier’s 
perfboard down to the appropriate size and mount R1 in a 
hole drilled in the front panel. Also, mount input and output 
jacks in the panel to permit the microphone and earphone to 
be conveniently connected and disconnected. 

If you do install the circuit in a case, be sure to include an 
on-off switch so that the amplifier may be turned off without 
removing the batteries. Wire the switch into the circuit as 
shown in Figure 8-2. 


Table 8-1. High-Gain Amplifier Parts List 


ee 


B1, B2 Batteries, 9-volt transistor radio 
Capacitor, 0.1 uF (272-1053) 
Capacitor, 1 uF (272-1055) 

741 op amp (276-010) & 

Crystal, (33-100) 

Magnetic (33-175) 

Resistors, 100,000 ohm 

Potentiometer, 10,000 ohm (271-1715) 
Perforated board (276-1392), IC socket adaptor (276- 
028), battery clips (270-325), hookup wire, solder 


Microphone 
Earphone 


Radio Shack catalog numbers shown in parentheses. 
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If the oscillation characteristics of the amplifier circuit fasci- 
nate you, try causing the unit to intentionally oscillate by in- 
serting a small-value capacitor (e.g., 0.01 uF) between the IC’s 
pins 3 and 6. Depending on the value of the capacitor, the cir- 
cuit will either oscillate or “motorboat.” You might also want 
to experiment with the value of R3 to alter the gain of the am- 
plifier and change the oscillation characteristics. 

If you prefer using an op-amp circuit to generate oscillating 
waveforms rather than as an amplifier, see the next chapter. 
You’ll find all the details on how to assemble an op-amp wave- 
form generator using the 709, the 741’s predecessor. 
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CHAPTER 9 


OP-AMP FUNCTION GENERATOR 


A function generator is an instrument which generates a 
variety of periodic waveforms. Sound complicated? Not really, 
particularly since you’ve already generated periodic wave- 
forms using both digital and op-amp transistor and IC circuits 
in several of the preceding chapters. 

The operational amplifier is well suited for generating a wide 
variety of both conventional and unusual waveforms, many of 
which are ideal for troubleshooting and evaluating the per- 
formance of amplifiers. In this role, the function generator is 
commonly known as a signal injector or generator. Sending 
various wave patterns through an amplifier permits several 
important characteristics of the circuit undergoing test to be 
evaluated. For example, distortions in the shape of the wave- 
form indicate poor performance, and the amplifier can be 
adjusted or modified until the distortion is minimized. An in- 
coming wave of known height is very valuable for measuring 
the gain of the amplifier undergoing evaluation. One simply 
measures the output signal amplitude with an oscilloscope and 
divides this voltage by the voltage of the incoming signal to 
determine the amplifier’s gain. 
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HOW IT WORKS 


As you saw in the previous project, an amplifier will oscil- 
late when its output is coupled back to its input. We did this 
on purpose in Chapter 8 by placing the amplifier’s earphone 
near its microphone. If you tried the suggestions in the “Going 
Further” section, you might have also obtained oscillation by 
connecting a single capacitor into the circuit. 
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Figure 9-1. Op-amp function generator circuit. 


Many op-amp function generators use two ICs to generate a 
family of waveforms, but we’re going to use just a single 709, 
the non-frequency compensated version of the 741. Referring 
to the circuit diagram in Figure 9-1, note that feedback from 
the amplifier’s output (pin 6) to its inverting input (pin 2) is 
provided by potentiometer R2. R2 and the network formed by 
R3 and C1 cause the 709 to oscillate at a frequency determined 
by the values of each of these three components. Depending 
on the adjustments of R1 and R2 and the value of Cl, excellent 
quality sine- and triangle-wave patterns can be produced. 
Other adjustments will give other waveforms. 

The circuit shown in Fig. 9-1 incorporates a speaker as an 
output device. In this mode, the circuit functions as a high- 
quality, adjustable tone generator. The speaker can be left in 


the circuit or removed when the function generator is used for 
signal injection. 
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CIRCUIT ASSEMBLY 


Figure 9-2 is a pictorial view of the assembled function gen- 
erator. Begin assembly of the project by mounting a 709 IC 
to a socket adaptor board, as described in previous chapters. 
Be sure to leave two spaces between pins 1 and 8. Also, mark 
the pin numbers adjacent to each solder pad to prevent possi- 
ble confusion and wiring errors later. 


Ses 


FUNCTION GENERATOR] 


Figure 9-2. Function-generator pictorial. 


When connection leads have been soldered to each of the 
adaptor board’s solder pads, install the assembly into the perf- 
board. As with previous projects, leave the adaptor board about 
half an inch above the perfboard to facilitate resoldering of 
its connection leads if that should become necessary. 

Next, install two 9-volt battery clips by threading their leads 
through holes in the perfboard. Solder the black lead from 
one clip to the red lead of the other to form the ground termi- 
nal. Later you will make additional connections to the ground 
terminal. The remaining black clip lead is soldered to the IC’s 
pin 4 connection lead. The remaining red clip lead goes to the 
IC’s pin 7 connection lead. 
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Continue assembly by installing potentiometers R1 and R2. 
As in the previous circuits using potentiometers, I mounted 
Rl and R2 to the perfboard with connection leads soldered to 
the central and one outer terminal. If you intend to experiment 
with the circuit for an extended period, install the pots in *%- 
inch holes drilled into the perfboard. 

The center terminal of R1 is soldered to the IC’s pin 3 con- 
nection lead, and then an insulated hookup wire is soldered 
from this connection to the ground terminal (the connection 
formed by the red and black battery clip leads). Avoid excess 
lead length by trimming the connection leads. This will pre- 
clude undesirable oscillation and give you total control over the 
completed circuit. Connect one outer terminal of R1 to the 
IC’s pin 2 connection lead. 

The center terminal of R2 is soldered to the IC’s pin 6 con- 
nection lead, and one outer terminal is connected to the junc- 
tion of R1 and pin 2. Again, avoid excessive lead lengths. 

Next, insert C1, C2, and R3 into the perfboard as shown in 
Figure 9-3. Solder one lead from each of these components to 
one another, and then use a short length of insulated hookup 


Figure 9-3. Assembled function generator. 
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wire to solder a “jumper” from this connection to the junction 
of R2 and the IC’s pin 6. The remaining leads of C1 and R3 are 
soldered together, and a second “jumper” is soldered from this 
connection to the ground terminal. 

Conclude assembly of the function generator by connect- 
ing a speaker to the remaining lead of C2 and the ground ter- 
minal. No output transformer is necessary, since the op amp 
has a low output impedance. The finished circuit should re- 
semble the prototype unit shown in Figure 9-3. 


TESTING AND OPERATION 


When the circuit is complete, carefully inspect the connec- 
tions for possible wiring errors before installing the batteries. 
Be sure the IC pins are correctly connected, since incorrect 
polarity might permanently damage the IC. 

When you have inspected the wiring, temporarily install a 
0.22-uF capacitor directly across Cl’s leads (you can use clip 
leads) and connect a 9-volt battery to each of the two battery 
clips. You should immediately hear a tone from the output 
speaker. If not, try rotating R1 and possibly R2. If a tone is 
still not heard, disconnect the batteries and recheck the wiring. 

After the circuit is operating properly, you can experiment 
with its capabilities. For a very pure sounding note, set R1 at 
about its midpoint and use a 0.22-uF capacitor for C1. If you 
installed a 0.0001 uF for C1, just connect the leads of the 0.22- 
EF unit directly to the existing C1 to obtain the required value. 
Rotate R2’s shaft to change the pitch of the tone. 

If you have access to an oscilloscope, you can look at the 
output of the function generator directly. In the case of the 
settings just specified, you should see a triangle-wave pattern, 
as Shown in Figure 9-4A, when the scope’s probe is connected 
to the speaker terminals. As R2 is rotated in one direction, the 
waves become more closely spaced (their frequency increases) 
and their amplitude decreases. 

The triangle wave is very useful in signal injector applica- 
tions, though it is not often used in this role. The triangle wave 
is useful because any distortion of the wave is immediately 
obvious. For example, “‘clipping”’ will cause the waves to have 
flat instead of angular peaks. Frequency distortion will alter 
the nice, straight lines of each wave. Square- and sine-wave 
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generators are more commonly used for signal injection, but 
clipping is hard to detect with square waves, and frequency 
distortion isn’t as obvious with sine waves. 

After experimenting with the function generator’s triangle- 
wave output, remove the 0.22-uF capacitor and set both R1 and 
R2 at their midpoints. You probably won’t hear a tone from 
the speaker, but a transistor radio placed a few inches from 
the function generator should emit a high-pitched tone. It may 
be necessary to tune the radio over its reception band for best 
results. You should be able to pick up the signal several feet 
away from the circuit when the radio is properly tuned for 
best reception. 

The output of the function generator without the 0.22-yF 
capacitor is a sine wave. With R1 set to 220 ohms and R2 at 
its midpoint, the wave has a frequency of 850 kHz (850,000 
cycles per second), well beyond the range of human hearing. 
The radio detects this high-frequency wave and converts it to 
an audible tone. You can change the frequency of the wave by 
adjusting the value of Cl. For example, try connecting a sec- 
ond 0.0001-uF capacitor across the first to slow down the fre- 
quency somewhat. A typical sine wave is shown in Figure 9-4B. 

A third output of the function generator is the modified tri- 
angle wave shown in Figure 9-4C. The wave pattern consists 
of a triangle wave containing a spike from each positive and 
negative apex to ground. 

To obtain this modified triangle wave, set R1 and R2 at their 
midpoints, and use the original 0.0001-yF capacitor for C1. The 
result can be viewed on an oscilloscope—a narrow spike at the 
apex of each triangle. The repetition rate (frequency) can be 
adjusted by rotating R2. For other effects, try changing the 
value of Cl by adding additional capacitance. All that’s neces- 
sary is to connect extra capacitors in parallel to the original Cl. 

Finally, use the function generator to create a series of high- 
frequency pulses by disconnecting the speaker, setting R1 to 
about 15 ohms, R2 at about its midpoint, and using the origi- 
nal 0.0001-uF capacitor for C1. The result will be a series of 
spikes only about 2 microseconds wide, nearly 9 volts in ampli- 
tude, and occurring at a rate of 90 kHz (90 thousand per sec- 
ond). Rotate R1 and R2 slightly to change the repetition rate 
of the spikes. You may want to experiment with the circuit by 
increasing Cl1’s value slightly. 


91 


As you can readily see, the function generator is a versatile 
device. You can perform all these tests with the speaker or 
radio as an output device, but try to obtain the use of an oscil- 
loscope for best results. Since you can run through the tests 
fairly rapidly, a polite call to a school electronics lab or TV 
repair shop might result in some free scope time. 


(A) Triangle wave. 
(B) Sine wave. 


(C) Triangle wave plus spikes. 
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(D) Spike. 


Figure 9-4. Function-generator waveforms. 


GOING FURTHER 


Since the function generator has practical uses, you might 
want to install it in a permanent housing. You can use the 
perfboard construction technique, but be sure to trim the board 
so it will fit the housing. Radio Shack sells a variety of sturdy 
plastic and metal housings that are appropriate for enclosing a 
variety of different-sized circuits. 

If you do install the circuit in a housing, be sure to use a 
DPST switch, connected as shown in Figure 9-1, to permit the 


92 


device to be turned on and off without having to remove the 
batteries. Wire the switch between the positive and battery 
connection leads and the circuit as suggested in the “Going 
Further” section of the preceding chapter. 

The circuit will not necessarily oscillate without the speaker ; 
therefore, mount a jack for the speaker on the front panel so 
that it can be connected when desired. Some hookup wire and 
a plug soldered to the speaker’s terminals will let you connect 
the speaker to the circuit. | 

It’s also a good idea to mount R1 and R2 directly to the hous- 
ing to permit adjustment of the circuit. You can even use a 
rotary switch such as the Radio Shack 275-1385 to connect up 
to a dozen different capacitors in parallel with Cl. This will 
result in some very unusual waveform possibilities. 

When installing any of the simpler circuits described in this 
book in a housing, you can probably omit the perfboard com- 
pletely and solder the components directly to the socket adap- 
tor itself. This technique will result in a savings you can apply 
toward purchase of the case. For details on soldering parts to 
the socket adaptor board, see the flip-flop demonstrator project 
described in Chapter 2. 

Finally, don’t feel restricted by the values of R1, R2, and Cl 
provided in Figure 9-1 and the Parts List. With a little exper!- 
menting, you’ll find that the function generator will produce a 
great variety of strange and unusual waveforms. 


Table 9-1. Op-Amp Function Generator Parts List 


Batteries, 9-volt transistor radio 
Capacitor, 0.0001 nF (272-123; see text) 
Capacitor, 0.1 wF (272-1069) 

709 op amp (276-017) 

Potentiometer, 5000 ohm (271-1714) 
Potentiometer, 100,000 ohm (271-092) 
Resistor 10,000 ohm 

Speaker (40-245) 

Perforated board (276-1392), battery clips, IC socket 
adaptor (276-028), hookup wire, solder 


Speaker 
Mise 


Radio Shack catalog numbers shown in parentheses. 


93 


A 


Adaptor board, socket, 31 
Alkaline cells, 17-18 
Amplifier, common-emitter, 28 
AND gate, 33-34, 60 

Astable multivibrator, 62 
Atoms, phosphor, 40 


Bagpipes, 72 
Batteries, 17 
Binary 
coded decimal, 35 
number system, 35, 38 
numbers, 26 
Bistable multivibrator, 62 
Breadboarding, 10 
Bridge rectifier, 36 
Cc 
Cathode-ray tube, 8 
Chip, silicon, 20 
Circuit-board assembly, 9-10 
Circuits, logic, 33-34 
Clipping, 90 
Clock, 56 


D 
Decade counter, 49-55 


Decading circuits, electronic, 26 


Decimal signals, 27 
Delay, propagation, 33 


94 


INDEX 


Demonstrator, flip-flop, 19-27 
Diagonal wire cutters, 8 

Die, electronic, 56 
Differential amplifier, 79 
Digital logic, 28 

DIP Au 

Display tube, 39 

Divided, frequency, 72 
DPDT switch, 57-58 

Drive tube, display circuitry, 39-40 
Dual in-line ICs, 10 


Electronic decoding circuits, 26 
Extension leads, 11-12 


F 


Feedback, positive, 83 

Flip-flop demonstrator, 19-27 

Fluorescent display tube, 
7-segment, 35 

Four-bit latch, 20 

Frequency divider, 72 

Function generator, 87-89 


G 


Gates 
AND, 33-34, 60 
NAND, 33-34, 60 


R 


Hex inverter lamp driver, 30 
High-gain audio amplifier, 78-85 


Injector, signal, 90 
Inverter, 28-34 


Lamp driver, 28 

Latch, four-bit, 20 

Lattern battery, 24 

Lead preparation for upside down 
mounting, 15 


LED, 20, 23-27, 28 
Logic digital, 28 


M 
Memory, flip-flop, 57 
Mercury cells, 17-18 
Monostable multivibrator, 62-75 
Mounting integrated circuits, 10-15 
Multiplexing, 58 


N 


NAND gate, 33 

Needle-nose pliers, 8, 11 
Nickel-cadmium cells, 17-18 
Numbers, binary, 26 


fe) 
One-shot, 74-77 
Op amp, 79-80 
Oscilloscope, 8 

P 


Perfboard, 10 
Phosphor, 40 
Positive feedback, 83 
Power-supply selection, 17 
Project construction tips, 7-18 
Propagation delay, 33 
Pulse 

generator, 50 

train, 19 


Q 
Quartz clocks, 56 


R 


Random number generator, 56 
Reading circuit diagrams, 9 
Readout devices, 35 

Rectifier bridge, 36 

Register, storage, 19 
Rosin-core solder, 16 

RTL 914, 60 


Ss 


Schematic symbols, 9 
7-segment decode/driver IC, 36 
Signal injector, 90 
Signals, decimal, 27 
Silicon chip, 20 

Sine wave, 90, 92 
Socket, IC, 12 
Solder, rosin-core, 16 
Soldering, 15-17 
Spider, 13, 22 
Square wave, 90 
Stable states, 19 
Storage register, 19 
Strobing, 58 


+: 


Timing diagram, 52 

Tone stepper, 69 

Triangle wave, 90, 92 

Tube socket, 9-pin miniature, 42 


Waveforms, function-generator, 92 
Wavelength, blue-green, 40 

Wire stripper, 9 

Wiring guide, display tube, 43 
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RADIO SHACK PUBLICATIONS 


TUBE SUBSTITUTION HANDBOOK 


An up-to-date DIRECT tube substitution guide. Includes 
more than 12,000 substitutions for all types of receiving 
tubes and picture tubes. Instructions accompanying each 
section guide the reader in making proper tube substitu- 
tions and explain how to cross-reference between sec- 
tions for other substitutes. 


62-2030 $1.75 


TRANSISTOR SUBSTITUTION HANDBOOK 


This updated guide lists over 100,000 substitutions. Tells 
how and when to use substitute transistors. Also. in- 
cludes manufacturers recommendations for replacement 
transistor lines. Computer-compiled for accuracy. 


62-2031 $2.25 


SHORT-WAVE LISTENER’S GUIDE 


A practical guide to international short-wave stations. 
Lists short-wave stations by country, city, call letters, 
frequency, power, and transmission time. Also indicates 
several of the Voice of America and Radio Free Europe 
stations. Includes a handy log where you can record 
stations received. 


62-2032 $1.95 


TV TUBE SYMPTOMS & TROUBLES 


A picture book of typical tv troubles caused by defective 
tubes. Explains the function of each stage of a tv set 
through key block-diagram discussions. Contains photos 
of actual tv picture troubles, accompanied by explanations 
to help identify which tubes are at fault. 


62-2033 $1.95 


CB HAM SWL LOG BOOK 


Helps CB’ers and SWL‘ers keep accurate records of sta- 
tions heard. Has tables for recording frequency, call 
letters, day, time, more. 80 pages. 


62-2034 $1.00 


REALISTIC GUIDE TO ELECTRONIC KIT BUILDING 


Discusses reasons for building a kit. Covers tools needed 
for kit building. Explains how to solder and shows good 
and poor solder joints. Explains the functions of com- 
ponents. The construction of four projects—a metal lo- 
cator, electronic organ, power supply, and an electronic 
meter—is described in detail. 


62-2038 ay fe] 


REALISTIC GUIDE TO VOM’S AND VTVM’‘S 


A text on the operations and applications of meters. 
Meter fundamentals and basic operation are covered. 
The various uses of the meter for testing components, 
and radio, tv, stereo, amateur, and CB radio test tech- 


niques and troubleshooting are all included. Finally, 
calibration and maintenance procedures are detailed. 
62-2039 $ .95 


ELECTRONICS DATA BOOK 


A book useful for technicians, students, experimenters, 
and hobbyists. Contains basic formulas and laws used in 
electronics, constants and standards, symbols and codes, 
design data, mathematical tables, resistor and capacitor 
codes, and many more useful items. 


62-2040 $1.25 


INTRODUCTION TO TRANSISTORS 
AND TRANSISTOR PROJECTS 


Basic information on semiconductors. Explains transistor 
makeup and transistor action. The types of transistors are 
discussed—bipolar junction, unijunction, FET, power tran- 
sistors, etc. Transistor usage is also explained. The book 
is completed by presenting actual transistor projects to 
be constructed. 


62-2041 $95 


INTRODUCTION TO INTEGRATED CIRCUITS 
AND IC PROJECTS 


Contains all basic coverage on integrated circuits. De- 
scribes what an integrated circuit is, types of circuits, 
and the functions of integrated circuits. After learning 
all these things, you get to put them to use by con- 
structing the interesting and useful integrated-circuit 
projects which are included in the book. 


62-2042 $ .95 


REALISTIC GUIDE TO HI-Fl AND STEREO 


Explains the meaning of high fidelity and stereo. Dis- 
cusses high-fidelity amplifiers, speaker systems, stereo 
tuners and receivers, antennas used for stereo reception, 
record players, tape recorders. Also discusses component 
versus packaged systems. Automobile stereo systems are 
also included. 


62-2043 $ .95 
REALISTIC GUIDE TO CB RADIO 


The first chapter contains an introduction to CB radio, 
covering the advent of CB and its uses. Other coverage 
includes obtaining a license, different types of CB radio 
equipment, equipment installation, antenna systems, sta- 
tion operation, and servicing. An appendix lists the 
locations of the FCC Field Offices. 


62-2044 $ .95 
INTRODUCTION TO ELECTRONICS 


Covers basic electron theory. Discusses magnetism, elec- 
tricity, and radio principles. Explains the structure and 
uses of resistors, capacitors, inductors, transformers, 
vacuum tubes, and transistors. The book concludes with 
several electronic experiments and construction projects. 


62-2045 $ .95 
REALISTIC GUIDE TO TAPE RECORDERS 


Explains the various uses for a tape recorder. Describes 
the functions of the essential parts of a recorder. Covers 
the advantages and disadvantages of the three types of 
recorders—reel-to-reel, cartridge, and cassette. Guides you 
in purchasing a recorder according to its specific use. 
Covers general maintenance of recorders, tape, and 
accessories. 


62-2046 $ .95 
ELECTRONICS DICTIONARY 


Whether you are a beginner in the electronics field, a 
student, or experimenter, you will find this book to be 
a helpful reference. The definitions are written in an easy- 
to-understand style. Different terms for the same word 
are cross-referenced. Many illustrations supplement the 
text for further clarification. 


62-2047 $1.25 


ELECTRONIC COMPONENTS ENCYCLOPEDIA 


A listing in alphabetical order of the basic electronic 
components being used today. The text is supplemented 
with illustrations where needed for clarification. Where 
components can be referred to by several different names, 
cross-references have been included. The book is Par- 
ticularly helpful to newcomers to the field of electronics. 


62-2048 $1.25 


REALISTIC GUIDE TO SCHEMATIC DIAGRAMS 


An easy-reading text explaining different electronic com- 
ponents and how they are used in a circuit. Explains 
the fundamental concepts of tubes, semiconductors, resis- 
tors, capacitors, coils, and transformers and their cor- 
responding schematic representations. The final chapter 
covers circuit tracing with the use of a schematic. 


62-2049 $ 95 


REALISTIC GUIDE TO OSCILLOSCOPES 


Begins with the invention and development of the 
cathode-ray tube. Oscilloscope fundamentals are next and 
are followed by the basic ways to use the oscilloscope. 
Electronic servicing applications are thoroughly covered. 
Intermediate and lab-type scopes are also given coverage. 
Finally oscilloscope probes and auxiliary devices are 
discussed. 


62-2050 $ .95 
INTRODUCTION TO ANTENNAS 


Begins with a basic discussion of radio waves, fre- 
quency, and wavelength. Describes the purpose of an- 
tennas as related to radio waves. Covers different types 
of antennas for television and fm reception. Advises how 
to choose an antenna for a specific purpose and different 
locations. Covers installation of antennas and accessories. 
Also covers CB antennas for both mobile and fixed in- 
stallations. 


62-2051 $ .95 
INTRODUCTION TO SHORT-WAVE LISTENING 


Contains much information on how to enjoy listening to 
short-wave broadcasts. It explains what short waves are, 
how they work, and how to receive them. Coverage is 
given to various receivers best suited for SWL. The type 
of reception received on each particular band is also 
given. The functions of the various controls on the re- 
ceiver are explained, and information on how to use 
them properly is supplied. 


62-2052 $ 95 
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